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I. SUMMARY

The scale model variable pitch fan was designed to determine the aero-
dynamic and acoustic characteristics of a fan with a variable pitch rotor
blade. Changing the blade pitch at speed has the effect of improving the
incidence match relative to the minimum loss incidence. The single-stage
fan was designed for a corrected tip speed of 1160 ft/sec (353.568 m/sec)
at a bypass pressure ratio of 1.5. There are 26 rotor blades and 60 vanes
with 2.45 rotor chord spacing between them.

The fan was tested with "standard" frame treatment which consisted
of 1/2-inch (1.3 cm) thick Scottfelt covered with a plate of 22-1/2% open area
ratio. Three operating lines were investigated using three fan exhaust
nozzles: nominal, large (167% oversized), and small (6% undersized).

With each nozzle, the 200-ft (60.96 m) sideline maximum PNL was reduced
by increasing the stagger, that is, closing the blade at 447 to 75% of take-
off thrust. At takeoff thrust the noise was essentially the same for the two
stagger positions investigated with the nominal nozzle. The large nnzzle
showed a decrease in noise at takeoff thrust when the blade was opened. The
small nozzle data was insufficient to determine a stagger for minimum noise
at takeoff.

The lowest aft maximum PNL was obtained with the nominal nozzle and
with variable pitch rotor capabilities. The small nozzle showed the highest
fan efficiency at the minimum noise stagger position for each thrust. The
small nozzle had about 1.0% higher efficiency than the nominal nozzle, while
the nominal nozzle had about 1.0 PNdB lower noise.
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I1. INTRODUCTION

It has long been known that if the blade pitch or stagger angle of fan
rotor blades could be adjusted at speeds less than design, improved perfor-
mance could be obtained. The restaggering would have the effect of improving
the incidence match relative to the blade's minimum loss incidence. However,
it was recognized that the restaggering would result in reduced flow and pres-
sure rise necessitating an increase in fan speed in order to maintain thrust.

This latter point leaves somewhat in doubt the question of whether or
not an assoclated acoustic gain can be had as well. If it is hypothesized
that fan noise generation is independent of fan tip speed, but is in fact more
generally a direct function of blade aerodynamic loading, then a noise reduc-

tion might be obtained.
Fan noise generation can be grouped in two categories:

1. 1Interaction (viscous wake and potential field)
2. Turbulence (direct and indirect radiation)

The first has long been recognized as a source of blade passing frequency
and harmonic noise. Thée restaggering process should have an effect on the
width of the viscous wake and possibly its velocity decrement (loss of veloc-
ity at the wake's center).

The second generation process can come in two ways. One is from direct
radiation from the turbulent wake. As in the case with the gross wake charac-
teristics, it is assumed that the turbulence level wiil change with the restag-
gering. The second half of this category is related to the impact of inlet
turbulence on the rotor blades. As these eddies strike the blade's pressure
field, they cause a fluctuation which in turn manifests itself in terms of a
low-amplitude pressure wave (sound wave) which moves away from the blade. It
may be postulated that if the pressure field surrounding the blade is stabi-
lized, the resulting pressure fluctuations due to turbulence impingement will
be dampened. Since the turbulence strength, eddy size, and eddy concentration
are random, this generating mechanism is usually associated with broadband or
"haystack" (broadband-type noise with concentrations at given frequencies)

noise.

The test program described in this report leads to a quantative answer
to the noise reduction question when a given thrust is required.

s ki b
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II1. VEHICLE DESCRIPTION

Thc fan rotor has 26 cantilevered blades and 60 outlet guide vanes
(OGV's). The rotor blade pitch was designed to be variable, see Figure 2.
The variable blade pitch was controlled by a hydraulic actuator assembled to
the disc and supplied through the vehicle shaft from the aft end. The pitch
of the fan blades were varied from -1.6° open to 21.4° closed (directions as
shown in Figure 2) from the nominal stagger angle. There is an axial spacing
between the blade rows of 2.45 rotor tip chords. The single-stage fan is
designed to produce a pressure ratio of 1.5 at a corrected tip speed of 1160
feet per second (353.568 m/sec). The fan was modelled after Fan B in the
Quiet Engine Program.(l) There are significant differences between Fan B scale
model and the variable pitch fan. These include: the addition of 2.5 inches
(6.35 cm) to the rotor -~ OGV spacing which represents a large percentage
increase. In fact, the spacing-to-chord-ratio was increased from 2.0 to 2.45.
The rotor tip clearance has been increased to allow for the rotor stagger
changes, and the hub radius was increased to clear the pitch actuator
mechanism and to allow for stagger changes. These design changes make it
difficult to compare directly the variable pitch fan acousitic data with the
Fan B scale model data. The inlet configuration was standard bellmouth with
"standard" frame treatment as shown in Figures 1 and 3. The amount of
acoustic treatment at each location is summarized in Table I.

Acoustic absorbing panels were placed on the fan "frame' walls. This
material consists of 1/2-inch (1.3 <m) polyurethane foam (Scottfelt 3-900)
backed by a sclid plate and covered with a perforated face plate with
1/16-inch (0.2 cm) diameter holes and an open area ratio of 22-1/27%.

Three fixed—-area nozzles were used for acoustic and aeromechanical
testing, The small, nominal, and large nozzles had areas of 372 in.2 (2399.4
cm2), 396 in.2 (2554.2 cm2), and 460 in.2 (2967 cm2), respectively.

Aerodynamic data were taken with arc rakes ahead of the rotor anif uehind
the stator, These rakes and other aerodynamic probes were removable so that
they would not interfere with acoustic testing.




Table 1I.

Location

Inlet.

Rotor - OGV's
Inner Wall

Quter Wall

Aft of OGV's
Inner Wall

Outer Wall

Total

Variable Pitch Fan Scale Model
Acoustic Treatment Areas.

»
Area, in.kgjgmz)

812 (5237.4)

215 (2031.75)

1007 (6495.15)

417 (2689.65)

668 (4308.6)

3219 (20762.55)
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IV. TEST PROGRAM AND DATA ANALYSIS

The test program was conducted at General Electric's Peebles Test Site.
The vehicle was located on Site IV B on the scale model Fan Component Test
Stand, (see Reference 1 for location photo). The vehicle was driven by a
front drive shaft powered through a gearbox by a General Electric LM1500 gas
turbine engine. Tue gearbox and the LM1500 are contained within acoustically
abcorbing housings.

Acoustic data were taken by microphones placed on a 100-foot (30.48 m)
arc cente ed at the fan inlet centerline at a height of 15 feet (4.572 m).
The microphones were placed at 10 degree intervals from 20 degrees from the
inlet axis around to 160 degrees from the inlet axis. The field between the
microphones anu the vehicle is covered with asphalt.

The acoustic data were recorded on a 28-channel Sangamo recorder with
appropriate amplifiers for simulctaneously recording 26 channels of acoustic
data on FM with flat response through 20 kHz at a tape speed of 60 in./sec
(152.4 cm/sec).

Acoustic testing was restricted to winds uf 5 mph steady and gusts of
no more than 2 mph above the maximum steady wind from any direction. In
addition, data were not taker. when the field was wet or snow covered, relative
humidity was less thai 30% or in excess of 90%, or temperatures less than
20° F. Also, all instrumentation protruding into the flowpath was removed
prior to acoustic testing.

Data were taken on 14 microphones for five constant thrust lines at
various stagger angles. The speed range was from 60% to 90% of design speed.
For each data point a repeat point was also taken. The repeat point helps to
establish the scatter which is an integral part of all testing that relies on
the average of a time unsteady signal.

The effect of varying the fan operating line was investigated with the
scale model by testing three nozzle sizes. Each nozzle was run at five con-
stant thrust lines with various stagger angles to determine their effects on
aerodynamic and acoustic performance.

The acoustic data were analyzed in two ways. Most of the analysis was
in 1/3-octave bands. These wer obtained using a General Radio perallel filter
set with a 32-second averaging time. All data were corrected to a standard
day of 59° F and 70% relative humidity. The other method of analysis was
through narrowband filtering in 40 Hz bandwidths. For these analyses a UA-6A
Federal Scientific Ubiquitious Spectrum Analyzer and a high resolution digital
averager were used with a 12.8-gecond averaging time. This method of analysis
provides a more detailed look at the spectrum than does 1/3-octave ana 'sis,

particularly when pure tone content is under investigation.

Aerodynamic data were recorded for a broader range of operating parameters
than that employed in acoustic tesving. Ample data were acquired to determine



the flow, pressure ratio, and efficiency of the fan for the three operating
lines at various stagger angles.

Together the acoustic and aerodynamic data establish the performance
tradeoffs for a given noise decrease. That is, the maximum efficiency and
minimum noise stagger can be determined for a given thru.t level and operating

line.

Acoustic tests were conducted at five constant thrust lines, with three
nozzle sizes, for various blade stagger angles. Table 1I summarizes the
configurations for which data were cbtained.
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Table II. Test Data on Variable Pitch Fan
Standard Frame Treatment with Stagger
and Nozzle Variations.
Speed and Reading No.
Blade Physicall “om. Physical| Small Physical} Large
% Thrust 1 __Angle Speed Nozzle Speed = Nozzle Speed Nonzle
1 ‘
44 § -1.56 42496 467/480 4307 '544/556 4173 508/519°
(Approach) | 1.4 4372 469/482 4421 546/558 4316 510/521
! 6.4 4651 474/487 4703 551/563 4676 5147525
i 11.4 5071 477/430 5090 553/565 5263 516/527
| 16.4 5340 479/492 5830 1 955/567 6699 518/529
i
155 ! -1.6 4766 , 493, LCO 4960 568/575 4624 530/537
' f 1.4 4885 1 470/483 5051 547/559 4843 511/522
1 i £.4 §5229 1496/503 5271 570/577 531¢ 533/540
( . 114 1 5730 1497/504 5700 572/579 | 6128 535/542
, i 15.0 | 6702 1499/506 | 6701 573/580
! t
65 i ~1.6 i 5165 §468/481 5450 S45/557 5C13 509/520
; A i 5291 | 4717484 5467 548/560 52177 512/523
6.4 5682 1 475/488 5714 552/564 5839 515/526
; 11.4 5290 478/507 6242 554/566 6702 517/528
i
75 . -1.6 | 5563 1 494/501 5845 569/576 5392 531/538
; 1.4 i 5662 4.. " "85 5851 549/561 =797 513/524
‘ 6.4 6103 476/489 6128 571/578 412 534/541
| 10.4 6703 498/505 | €704 574/581
100 -1.6 6332 £95/502 6284 532/539
(Takevff) 3.4 6705 !73/486 6690 550/562 6702 536/543
Small Nozzle = 372 in.2 (2399.4 sz)
Nominal Nozzle = 396 in.z (2554.2 cmz)
Large YNozzle = 460 in.z (2967 cmz)
Test Date 1-12, 13-73
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V. TECHNICAL DISCUSSION

A. DATA PRESENTATION

1, Noise Scaling

The data presented have been scaled to reflect a full-scale fan design.
The scale factor was 0.484. This results in a full~scale fan which is 73.35
inches (186.309 cm) in diameter. The effect of the scaling is to lower the
frequency spectrum, since for a given tip speed a larger fan turns at a lower
rotational speed than a smaller fan. For the case being considered, the
scaling requires a downward shift of three 1/3-octave bands or one octave.
In addition to the frequency shift, the noise levels were scaled by adding to
the scale model 1/3-octave band noise leveis a factor 10 times the logarithm
of the ratio of the full scale to the scale model weight flow.

The scaling process gives a more realistic evaluation of the extrapola-
tion of the noise data to distances far from the fan. This is true because
of the difference in attenuation of various frequency noises in air. With the
spectral components of noise in their prouper band-, this attenuation is applied
in a more realistic manner.

2. Core Je+ Noise Additinn

The scale model variable pitch fan (VPF) used here does not contain the
core jet which is a mujor noise source in an actual engine. In many instances,
this noise has a dampening effect on the overall engine noise reduction brought
about by a fan noise reduction. For this reason, some of the data presented
in this report contain an addition for the core jet noise of a full-scale
engine.

The jet noise levels were predicted from a correlation of jet noise
sata based on the weight flow, area, and velocity of the jet.2 For the take-
off fan speed these parameters were

Weight Flow - 135 1bm/sec (61.29 kg/sec)
Area - 3.9 £e2 (0.3624 m%)
Velecity - ¢ 1158 ft/sec (352.9584 m/sec)

and for the approach fan speed:

Weight Flow - 75 lbm/sec (34.05 kg/sec)
Area - 3.9 ftz (0.3624 mz)
Velocity - 566 ft/sec (172.5168 m/sec)
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3. Flight Velocity Effects

rh

There are two dircct effects of alrcrafc flight velocity which alter
the noise spectra. First the weloclity results in Doppler shifting of the
spectrum. In the case being considered here, a flight velocity of 279 ft/sec
(85.0392 m/sec) ((M_ = 0.25) was used. Where applicable Doppler shifting was

included for 1level ?lyovers of the fan and core jet noise.

e

The second effect acts to reduce the jet noise. This is due to a reduc-
tion in the relative velocity between the jet and the surrounding air (ambient
air). The test data are, of course, taken statically; thus, a correction is
required. This correction is computed by using the procedure rec¢mmended
in the SAE's AIR 876 'Jet Noise Prediction". The static and flight spectra
are predicted by the fan jet as suggested by AIR 876.

The parameters used for the fan at takeoff speed were:

Weight - 692 1bm/sec (314.168 kg/sec)
Area - 11.8 ft? (1.0966 m’)
Velocity - 795 ft/sec (242.316 m/sec)

and for the approach fan speed:

Weight Flow - 434 1bm/sec (197.036 kg/sec)
Area - 11.8 ftz (1.0966 m2)
Velocity - 496 ft/sec {151.1808 m/sec)

The differences between these predicted spectra are then subtracted from
the test data.

In addition, the frequency range over which the relative velocity correc-
tion is applied is important. That is, the relative velocity correction can
only be applied over the frequency range in which jet noise is dominant. The
determination of this point is largely done by examining the test spectra and
designating the frequency by noting the dip in noise level which generally
denotes the jet region (usually below 400 Hz) and the fan dominant region
(usually above 400 Hz). The resulting spectra is then smc.thed between the
two reglons of the spectra which are dominated by fan and jet noise.

Together the alterations made to the basic data cited above provide a
means for evaluation of the test results under more meaningful conditions
than would be provided for by the static scale model fan data alone.

B. EFFECTS OF STAGGER VARIATION ON NOISE

The data presented in this section are for the unominal nozzle (396 in.z,

e g
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2554.2 cmz) 200-foot (60.96 m) sideline maximum perceived noise level (PNL)
variations with stagger angle on a full-scale fan basis. The fan has '"standard"
frame treatment as previously described.

Figure 4 shows the aft maximum 200-foot (60.96 m) sideline PNL for con-
stant thrust at various delta stagger angles (Referenced to the original
design stagger angle). At 44% of takeoff thrust (approach) the minimun noise
delta stagger is approximately 8° closed from nominal stagger, (the design
stagger angle), and indicates 1.8 PNdB lower noise than the nominal stagger
PNL. At 100% thrust (takeoff), little data were obtained due to physical
speed limitations of the scale model vehicle. For the range of delta stagger
from 1.5 degrees open to 3.5 degrees closed, essentially no change in PNL was
observed at 100% thrust. For the intermediate constant thrust lines of 55%,
65%, and 75% thrust, the PNL follows the same trends as the 44% thrust line.
The delta PNL between nominal stagger and minimum noise stagger decreases with
increasing thrust. The minimum noise stagger angle also decreases; that is,
approaches nominal stagger, with increasing thrust. For the nominal nozzle
(396 in.z, 2554.2 cmz), the front maximum PNL distribution with variable
stagger and for constant thrust is shown in Figure 5. The front maximum PNL
distribution follows about the same trend as the aft maximum PNL distribution.
The delta PNL between the aft and front is about 4 PNdB, with the front being
lower, at nominal and minimum noise stagger positions.

Figures 6 and 7 show the maximum PNL variation with percent corrected
thrust for nominal stagger and variable stagger minimum PNL. The data is
shown for the nominal nozzle configuration. These figures reemphasize the
variable stagger minimum noise characteristics relative to the nominal stagger
noise for various percent corrected thrusts. The greatest noise reduction in
the aft quadrant was obtained at the approach thrust condition (447 Fp). The
200-ft (60.96 m) sideline maximum PNL reduction for this condition is about
1.8 PNdB. Variable stagger minimum PNL reduction decreased with increasing
thrust and approached the nominal stagger ncise level at 100% thrust (takeoff).
The maximum forward noise reduction also occurs at the approach condition with
a decrease of about 2.2 PNdB. The trend in noise reduction with increasing
thrust for the forward quadrant is similar to the aft quadrant.

Figures 8 through 12 show the 200-ft (60.96 m) sideline perceived noise
level for the nominal nozzle at nominal stagger and variable stagger minimum
noise condition as a function of the angle from the inlet for a range of
thrust from 44 to 100%. These Jdata indicate that by varying the stagger angle
of the rotor blade the noise reduction is obtained over a wide angular range.
As thrust is increased from 44%, the delta PNL between nominal stagger and
minimum noise stagger decreases to almost zero at 100% thrust (Figure 12) for
the whole angular range.

A 1/3-octave special comparison at 50 degrees from the inlet axis, Figure
13, at 447 thrust shows that the broadband noise of the variable stagger mini-
mum noise condition is generally lower than that for the nominal stagger case
throughout the frequency range with the exception of the 315 Hz band where
the minimum noise stagger is about 3 dB higher than the nominal stagger level.
Presently, no explanation can be given for the 315 Hz frequency band change.

10
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The blade passing frequency (PPF) and the second harmonic nominal and minimum
noise stagger SPI. levels are ceen to he anproximately equal. TFigure 14 shows
the spectral distribution for the aft maximum PNL angle. The blade passing
frequency SPL is seen to be higher at the minimum noise stagger condition,
but the second harmonic SPL is slightly lower along with the majority of the
rest of the frequency spectrum.

Figures 15 through 20 illustrate the 1/3-octave spectral comparison at
the maximum forward and aft noise angles for 55%, 65%, and 75% thrust. The
SPL reduction in other frequency bands more than compensates for the increase
in BPF SPL at constant thrust resulting in a variable stagger minimum PNL.

Figures 21 and 22 show the 100% (takeoff) thrust 1/3-octave spectral
distribution. Stagger variations from 1.5 degrees open to 3.5 degrees ciosed
seem to have little effect on the 200-ft (60.96 m) sideline PNL distribution
(see Figure 12). The BPF levels increased for the minimum noise stagger while
the higher frequencies have lower SPL levels.

Typical narrowband data are presented in Figures 23 through 26. These
narrowbands are for the front and aft maximum PNL angles at 447 and 657 thrust
with the nominal fan nozzle configuration. A 40 Hz bandpass filter was used
in each case. The data are uncorrected (i.e., not adjusted to standard day
atmospheric conditions) narrowbands on the 100-foot (30.48 m) measuring arc
for the scale model size fan. The two curves presented on each plot are 1.5
degrees open (closest to nominal) and minimum noise (closest to minimum)
stagger. At the 50° angle, both the 44% and 65% thrust conditions show a
considerasle decrease in broadband noise, although the BPF and its harmornics
have increased for the minimum noise stagger. The end result, on a scaled
up basis, was a decrease in PNL as shown in Figures 8 and 10. The upward
shift in frequency for the minimum noise stagger is due to an increase in
speed necessary to maintain constant thrust when varying the stagzer. At
130° the trends are similar to the front quadrant except the levels are higher.

Summarizing the narrowband data it appears that at each thrust level for
which a minimum noise level is obtained due to a stagger change the broadband
noise goes down and the BPF and its harmonics increase. Assuming the noise
generating mechanisms noted in Section III-A are zcting, it may be concluded
that the decrease in broadband noise can be attributed to dampened pressure
fluctuations; that is, the pressure field surrounding the blade at the minimum
noise stagger position is more stabilized, and random inflow turbulence there-
fore has less effect on the pressure field. The increase in tone noise can
be attributed to increased wake momentum loss associated with the higher blade
relative velocity required to maintain constant thrust,

C. LEVEL FLYOVER SCALED DATA

The data presented in this section has been not only scaled to full size
but a core jet noise source has been incorporated in the data, and flight
effects on the noise signature have been included. As previously stated, the
jet noise levels were predicted from a correlation of jet noise data based on
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the weight flow, let nozzle area, (2) and jet velocity. Also included were
flight velocity effects such as Doppler shifting of the spectra, and jet nois.
reduction due to a decrcase in the relatrive velocity between the jet and the

surrounding air.

Figure 27 shows the perceived noise level (PNL) for a '700-foot (304.8 m)
level flyover of the scaled fan noise at takeoff with a prediction of the core
jet noise added. This configuration has standard frame treatment and a 396
in.2 (255+.2 cmZ) (nominal) fan nozzle area. These data indicate little
difference between the nominal stagger and variable stagger minimum noise PNL
distributions much like the nonflyover PNL data presented previously. A cal-
culation of the EPNL from these data indicates that the noise levels are
approximately equal, 96.6 EPNdB for nominal stagger and 97.1 EPNdB for mini-
mum noise stagger. The tone corrected PNLT disiribution, Figure 28, shows the
maximum aft has shifted from 130 to 120 degrees and the minimum noise stagger
is ? INdB higher than nominal stagger. This increase is attributed to the BPF
tone correction and speed increase required to maintain constant thrust.

The 1/3-octave spectral comparison for the front and aft maximum PNL at
1000-foot (304.8 m) level flyovers are shown in Figures 29 and 30. The linear
variation of SPL with frequency in Figures 29 and 30 below 400 Hz 1s indirectly
a result of the relative velocity correction. When the jet noise is adjusted
downward to account for the relative velocity, the fan spectrum must then be
smoothed into the jet noise. This is done by decreasing the fan noise 2 dB
per 1/3 octave until the jet noise is encountered. If, however, the jet noise
has been adjusted so low as to not make an intersection postsible, then the
linear level variation results. Figure 31 shows an extrapolation to 2000 feet
(609.6 m) for the front maximum PNL. The nominal stagger and variable stagger
mininum PNl at takeoff are seen to be nearly coincident.

From the data presented above, it appears that varjable stagger cannot
serve as an effective means to reduce noise at the takeoff thrust condition.

Continuing with the level flyover scaled data, Figures 32 through 35 show
d:ta for the approach (44% of takeoff) thrust condition at 370-foot (112.776 m)
level flyover. The PNI distributions for nominal stagger and variable stagger
minimum noise are shown in Figure 32. The minimum noise stagger indicates
a decrease of approximately 2.5 - 3.0 PNdB around the arc. The tone corrected
PNL distribution over the arc is shown in Figure 33. The delta PNLT between
the nominal and minimum noise stagger has decreased. The forward maximum
angle has a delta PNdB of about 0.5, and the aft maximum angle has coincident
points. The EPNL for 44% of takeoff thrust are 95.9 EPNdB for nominal stagger
and 94.8 EPNL for minimum noise stagger. A spectral comparison at 50 degrees,
Figure 34, shows the effect of doppler shifting of the spectrum due to the
forward motion of the engine. The BPF at this speed is 915 Hz (1000 Hz band),
while the spectrum shows one 1/3 octave shift to the 1250 Hz band for the
front angle (the plane flying towards an observer). The spectrum at 130°
shows a downward shift in BPF to the 800 Hz, 1/3-octave band (the plane flying
away from an observer). This phenomenon did not occur at takeoff because the
maximum angles were 70 degrees and 120 degrees. At these angles the range to
the ground does not change fast enough to cause a Doppler shift significant
enough to result in a 1/3-octave displacement.

12



The linear ramp due to the extrapolation of the fan noise data over the
reduced jet noise is also evident. The difference between the two curves in
the illnea: range is probably not meaningful since the slope is at best approxi-
mate.

in summary, the flyover data for the nominal nozzle show a reduction in
noise when closing the blade at thrust levels below 100%. At approach (44%)
thrust, the minimum noise stagger was about 1.0 EPNdB quieter than the nominal
stagger position. At takeoff, {here was no gain on an EPNL basis.

D. FAN NOZZLE VARIATIONS

All of the data presented previously were with a nominal area (396 in.z,

2554.2 cm?) fan exhaust nozzle. That is, a nozzle which results in a 1.415
pressure ratio at 917 speed with a nominal (design) stagger position. 1In
addition to this nozzle two other nozzles were tested at various stagger

angles for five constant thrust lines. The smaller nozzle was 6% under nominal
and the larger was 167 over nominal. Complete sets of data were taken for each
nozzle.

First let us examine the 200-foot (60.96 m) sideline aft maximum PNL
variations at different stagger angles for constant thrust lines with the
small and large nozzles. Figure 36 shows that the minimum PNL stagger for the
small nozzle occurs at a more closed position than the nominal nozzle (Figure
4); and the large nozzle, Figure 37; minimum noise stagger occurs at a more
open position. The minimum noise is lower for the large nozzle than the small
nozzle except at the 55% thrust line where the minimum noise level is slightly
higher with the large nozzle.

At nominal stagger the PNL for the large nozzle is lower than nominal
nozzle at all thrust levels, but at their respective minimum noise stagger
positions the nominal nozzle configuration has lower noise.

The aft maximum delta PNL's between nominal stagger and variable stagger
minimum noise are shown in Figures 38 and 39. For the small nozzle, consider-
able difference (approximately 2.5 PNdB) exists between nominal stagger and
minimum noise stagger, while the large nozzle shows very little change. Appar-
ently, the higher flow associated with the larger exhaust nozzle has brought
the incidence angle back toward the rinimum loss position thus reducing that
which can be gained by adjusting the stagger angle.

Figures 40 through 44 show the 200-foot (60.96 m) sideline PNL direct-
ivity with the small nozzle for constant thrusts. The variable stagger mini-
mum noise is considerably lower than nominal stagger at all thrust levels.
Speed limitations at 100% thrust made it impossible to obtain acoustic data
at stagger angles beyond nominal for the small nozzle. Closing the blade at
constant thrust was speed limited while opening the blade was limited by the
blade stall line.

Figures 45 through 54 show 1/3-octave frequency spectra for the front
and aft maximum PNL at various thrust levels. The narrowbands for 447 and 657%

13



thrusts, Figures 55 - 58, show the predominance of BPF and the harmonics.
The curves shown are for staggers closest to nominal and minimum noise stag-
ger. The [requency shift on the narrowbands at different stagger angles is
due to a speed change required to maintain constant thrust.

For the large nozzle, the scaled data show little difference on a PNL
biasis between nominal stagger and minimum noise stagger, see Figures 59
through 63. The directivity pattern is similar to the nominal and small nozzle;
that is, rear noise dominant. Large nozzle spectral comparisons at constant
thrust for nominal and minimum noise stagger are shown in Figures 64 through
73. Except for 100% thrust, the SPL levels at BPF for the minimum noise stag-
ger are equul to or greater than the nominal stagger SPL levels. As previously
mentioned, this increase in level is due to an increase in speed.

To summarize the effects of nozzle variations on a variable stagger mini-
mum noise, Figure 74 is provided. This figure shows the 200-foot (60.96 m)
sideline aft maximum PNL vs. percent corrected thrust for the three fan exhaust
nozzles. The data has been scaled to full size. The plot shows the large
nozzle to be approximately 0.4 PNdB higher than the nominal nozzle at all
thrust levels. The small nozzle is consistantly higher at all thrust levels.
The nominal nc-zle proves to be the lowest minimum noise corfiguration. Figure
75 shows the minimum noise variations with thrust for a fizad pitch and nozzle,
a fixed pitch and variable nozzle, and a variable pitch and nozzle. With the
variable pitch and nozzle, a reduction of about 1.0 to 1.5 PNdB was obtained
from 44% to 75% of takeoff tnrust. As it turns out, the nominal fixed nozzle
was minimum noise with a variable pitch rotor for this particular fan.

E. AERODYNAMIC PERFORMANCE DATA

Figures 76 through 78 show the variations in corrected fan speed with
stagger for constant thrust. The negative delta stagger indicates open from
nominal and positive is closed from nominal stagger. It can be seen on these
plots that the speed increases considerably when closing the rotor blade to
maintain a constant thrust.

The aerodynamic performance maps are shown for nominal, small, and large
nozzles in Figures 79, 80, and 81, respectively. The three operating lines on
the performance maps were determined by using a set of fixed nozzles of dif-
ferent areas. The performance maps include stagger variation for a given per-
cent corrected speed. For ease of correlation lines of constant thrust are
superimposed on the maps. The difference between acoustic data points and
constant thrust iines on the performance mape occur since acoustic data were
not taken at exactly the same point as aero data. Efficiency trends for vari-
able stagger at constant thrust are illustrated for each nozzle in Figures 82
through 84. Peak efficiency varies as follows; with the small nozzle (Figure
80) the peak efficiency for constant thrust occurs at a more closed stagger
angle than the nominal nozzle, and the large nozzle has its peak efficiency at
a more open stagger angle. It is interesting to note that for the large noz-
zle, the 447% thrust condition is more efficient than any other thrust for every
delta stagger angle considered. The nominal nozzle shows a peak efficiency

14
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at about 8° delta stagger for the approach thrust (44%) condition. For
takeof f (1007 thrust, the peak is at approximately 3 degrees closed from
nominal stagger. This does nol however, mean that the blade was improperly
staggered in the "nominal" stagger position since the criteria used was to
produce optimum efficiency at the altitude cruise point (100% fan speed).

F. AERO/ACOUSTIC NOISE TRADEOFF

In this section, aerodynamic and acoustic data are examined in a manner
so as to obtain a fan vehicle with the best possible aero and acoustic char-
acteristics. Accustically, the best combination is with a variable pitch
rotor and a nominal nozzle for the thrust range of interest (see Figure 75).

At 200-foot (60.96 m) sideline, the aft maximum PNL for the nominal nozzle
(Figure 4) was a minimum at 8° clcsed from nominal stagger for 44% thrust.

The efficiency for that condition was 87%, the maximum on that thrust line
(Figure 82). At 75% thrust the minimum noise and maximum efficiency were

both at the same stagger angle. The trends were similar for all three nozzles,
that is, the minimum noise is coincident with maximum efficiency.

The following table summarizes the minimum noise, the delta stagger,
and the efficiency for each nozzle at 44% thrust and 100% thrust.

200-Foot (60.96 m) Sideline PNLmax - Scaled.

100% Thrust 447 Thrust
n PNL A Stagger n PNL A Stagger
Nozzle % PNdB Degrees %P PNdB Degrees
Small* 8.12 118.2 1.5 87.6 105.7 10.0
Nominal 85.5 116.5 2.6 86.8 104.7 8.0
Large 82.0 117.3 ~-1.5 85.0 105.3 3.0

For the approach thrust condition, the best configuration from an acoustic
viewpoint would be the nominal nozzle with a variable pitch rotor (Figure 75);
while from an aerodynamic viewpoint, the small nozzle with a variable pitch
rotor would be prefered since that configuration produces the best efficiency.

*Only one stagger angle taken at the takeoff thrust,

15
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VI. CONCLUSIONS

A variable (or reverse pitch) fan can be scheduled so as to reduce noise
and increase efficiency at off design thrust levels.

In general, the PNL reduction is obtained through broadband noise reduc-

tion. Blade passing frequency and harmonic noise tends to increase at
constant thrust.
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Narrowband Data, Nominal Nozzle, 65% Thrust, 50°,

Figure 25,



B T T

!
-
: i ! i A SRR mey o/~Tun
i SRS BENNNPSE TN BRGNP BIDI S0 ‘,F,Hduyl*,j_; et e g o & )
[ FURS G S S SO G I S P VI S SUN G I 443 0 -
J e S O P S "A.q.,..l... B R SN S W —t
1 ¥ ' LM ‘
- + -4 . T S o e e e e 4o - 4 PSP S - — oy d—
SR QDD S . -1 : s +ytoe . Pt ; -t -+
[ SN ST (N NN (DO I I 2 Y al ISR ERBOSE S i
L et e B e R R R R o o fobpmr b e +
R s S I R AR R ey et oy ot oy A‘ 1
B N S TP P DY A0 S U S 4 {1y
’ bo YO T o[ T
- — —

LR I

Gee o bee e PR -..V.A..,..T« .- ~>'—>r'~'-+~*r*~-~f~f—

e e

I S e el B

!
rd ISSDODPNE DS

T
B S IR SeICICICIIRIPIREEEY SRS SO NS SUDAY IR | S R —
et st Tl IR THPIPIE SPIPIPEY IPSPUp A PRI S S| B T R SRS G T f
4. L
+
4
4
T
4

] ; PO SNDEE SRS RN —
) B [O) DR AP ﬁ--.‘..-.,gkw DDA S R Nt |
D RESESE SRR PR RR RS ZR0NE DRENE DI AN I S
P VSGEPUPDU S R R iR et | J»-h-«. bos e b beee s b »-4_._.4,_;_44

b v —t —t g
RS SESSE DESEEEE SIS POPEESOERE DI — *'T‘r{m‘
DS IDENRENE S EMDE SN ENANDIDOME NN ¢+....?.--,. PN DTN S S0 !
PS5 VU S AUV SV PUNIUN UL PR S B I SF TOR S SP RS . PR N

D et T SR S SN .

R e

4 & P N S R DIRp IFRINE

RN N

L

; _% mae 5
. — B - o».<7~.<‘:—¢~-,.>‘ ‘ — +
‘,_]W + - e n --m»..!g‘— VU QUGN SN [ e | . TT‘J }
- . + {

4

7
A, DGR NI I ——
r ! 11 e

" .
MYRBSRE T e rar e et PRONSSIEGE &Ly NS
+- B SR PN - e . ...-m B R B e R e e o

+ . [ N .,..,‘}.-‘;mv..“.. e > + l{{ .
N + - R .1 e e s g g4 4

<

I
Ll I - it i +
B e S B O I

ay

ER RS - - (AP PO Y IR IR
S naeu 2 LLlomnTE Shout .
| o~
+ e
[ AR ED [EDY L ESEDIE R -

o et

et ey

FREQ - KH=x

+
o 4t DEDRINE ENSI S - B . 1
~ e SUNPSEIY (T SN ‘ +
b SN S P!
4
[N SR SO S -
! . O by
. i JOUNUNNE TP SN . ' ; ._."T‘ j
[ REGREDEE PN SR QPTG SR B R SOl SRS BEE B8
IS b +bc—e $ o e-0 +-4 oo » ¢+ 4 RO SRS S R i + TI 4 —4—
P o 4 I RS Satenats mt -l it e R e ‘*“(‘*P'*‘—]
4 . . . — i (e
N 1D DN [ DPDRE SHbe- YN Y DENEE DEDEN D ﬁ i hen e i na
e = R IPEN I RIRIS S A S N I o f DS D SOE B N 1+
R EFUUNEDES SNEPEUINY AU SN U S R e = SETR SR SRy Saan Y SICIRIPEE SRR & JJ y
I MR XD SN U L‘..&Aﬂa R e R SR L TR TH PR SIS by
. i + + . AwH——
L R o o e IR IR SRS SO 447«3-»4 ks SRR SEDYN NN I S unAPE SR SP A S L,*4~ s
PSP Y ip GEDUL Y S SHPURRDU (RS SR O SR, [P APV SR SO DU S D 1
I = = I DD SPEDUPUDY WU T B R S e e R S EE R I .»T_4—- r‘;L
[ S Py S b"‘thaaA PO By \,‘&,r eI R B iR ARARIE TS S S PR e S s
t + + + 4
B s ok e ek TR SP PP R G b B e e T S PRI STNFES IS 4
R e e I e R R TR k. CIRE SR ot EEEE IRPIPERSE S RSP IE SPUEN SN B EPES I )
I R Ea it B mideasnan srdbRE X SR, (IS BRTRIREY BIPR 44-17.‘— s b ] b e
L e e e N s P DN S USRS “TT’ ¥ PEESUE WA -
L N BEE . N . R + st BRI ' O =
R e S S I 1T 2000 L DL PR ERELE PR SE DR B R R ES B R RS BN
D I e N N TS R e e et o SRIPISRSY SR 444 =
B . L Rl I R o s e bt Radaat dor e e pedoad £ 44
T ﬁ+ :.‘TL 7**13‘““ ,a:f,f.‘,l‘.._,‘qA:To.Ihr pTT-<HI4~ ;L‘t; et +r
+ + + + ¢ T
Y fessn et BIAsg s s sa ARSETHS B SAERuTe Eodad pabas yELERERS:
4 + b bt e -0 [N SO TR T T u b+ d t 4t} bt 1 o
b PR =S I L, N _,4~L:I,_i: v o 4-4 4 .T.IM4P
et N_T_Tt- DEEE RREEE Bl ChH s 17—-7—*-?—- ».‘_1:.« P ty L 4 1 3
+ — ‘ + + + t —t
‘ #—; it SRl ol s sE SRR SRR N .‘:: ‘L‘*ri gy 11 bt-t-4 44 +4 1 44 I
+ 4 R . E TR e # = 443 1{ 4fhujk
1+ A 4f1.um 4 by 4 4 $-t»—- -+ 4
11 Tiic i, '7‘?”" 1 IR RN
F—t -+ + i + n . i
M T * * i )i M T I Y
+4 -+ B R R . J., R N SR 134 144444 ++4—
L ey 4=+ 3 fopt b - -A-l(l + -y 4 7:% l AI -t ] ot 44
IS -+ REE T Y - $ .
(17T ade ez YEOU SO BE RS IRROEY igpdemn
M + NS + -t O ppt—
i i N 3443 | SR RgRN } Tid s
I [ =88 B B .
T T HHA
4 SO 0 O bt 444+
+-4 + I ; T
44t by gt bopog g 4 b {44 e 4
- L A4 dddd 444 Hd
T - + ot 4f +y t ot
H - -14-4- s IR - 4 ) j I+
[- L SREE S S V—1°~.0»»L.{+.. o 1t t 1 o 4 . <°f -4 4
{e - -
S+t ; ettt e 1}
SHERn IR s AT 1
1 T = T
»{.iq p IT‘"T’ .111..u R . *'?" z“l [REERppat
111 t/p 0000 :®4 P~ VdS}: i it

Narrowband Data, Nominal Nozzle, 65% Thrust, 130°,

Figure 26,



-3309YEL ‘OSTON 33 + UBJ 'I9A0ATS A1 (W 8°YOE) 3F-000T I0F THd LT aan313

; e N A PP iy AR .
SSa8s SR T |
T BSE SRS RN T H
BENi |IREBE RN 1 ] J I 1]
1 SRS R _ BEE RN =
i i M i ! T | T
s SeassenyasEaiiaciaesezacess ;_
T -y T T T T '
1 ] 1,1% SRS S W 147 _
- T o s s han o —— e -1- “+—
,_.i_ LW 3 1. M4 ot I 1 4I,t“ ' 4~ w X
T STORRTR T e s
IBER e VUVATLD e B
thgt A S IS a1 i s 1 1 5 10 S A BB
.+M..r : ¥ NI .*L_Ir» ﬁw . U 1 «++i+;., -
4 ,« IY,T.tIf.,In VHL. wq.+ .TH: \wlvrT.» —1 lu.hiwl.l
SR R s e o A A ‘..A_-.rl
Hds e e e e e
,_;,__AZA“AM“ T bty —
b e e o 4 a JD R T S5 I G ERPEIGIN S SRS S AR B A s bodmd g e
R A JLMUM, ;ufu. IR EE ITa .T;_+4.+H4L B L e e
P Ve ¢L,, v +L;rTH.4,1~L I R *i.u‘*‘TL A_T,‘*J,ruv S aua e Al -
SREREESEEIESE S e e e
IR ) PR 4 + . - —4- l»x‘qlb‘k‘ 44 wiﬁA ‘+.+ P PR 44, AlwlA&,‘rAt \Th‘oulnﬁ ;
b e d o d by W - I L.lH\ML. b MLL. ‘I+L,M|,l.u7+ 4d e \.l.‘_#at*klr‘f,
ept et R R sk tn At ru‘ 4 .,;.;fleJl.;T D e e
P A e B e ey g T TS
4 T 1 T ¥ - T ~ T T T
D NI IR IR ] IERREE T R RSB G R Ry DD -APRGUEENERSE S -
T O o St f an v =e SR SR S I 4 . +.~+xitTATATI.”LJL e s
T T e g R o e e e
H - UG S IO PO S HEY FUR Py . 4+ - . N SIDUR G VI QU . L ‘—
saSidndRsassSiate s T e e e e e
P s S S s e A mus oo G 1 44—t 1 1 Y B o T s e o o o gt
T e e
P B e i — ¢ 4+ P S "
EEESSE SR ENRE I FReREEE ! ' T
T EEsEsnEENSEEE T i
T T T T Al ] LI 1 T T T 1 T T T T

45

i p—



+3309¥BYL ‘OSTON 18f + UBJ ‘I0A0ATd 12491 (W 8'FOE) 33-0001 I0F IINd °83 2In31J

R ; — N n N " ——t +
SEEEENEEEEDEENRES D AN SIA'D) 1E AC T2 )1 N NSRS SRS RSN '
\ T 1IN T b | | " H T 1 1 I ™ T * *
1 -t — t + t—t t + b e 4 + ——t + —t +
I — 4 JE| . R R A S S | NS Y ! 3 !
1 e RS 5 N SO0 BRIV 5} AR B 1 :
- - - SRS ST S } |
e S bod LB ] L ; I s : ] o o — 2
+ — ¢ bt " l T ' " ! "
T ] e IERREEEBESS: IuNEeeEE 14
NDEEEENN (DA SO S i S S I I R — ;
‘4|TF.+|L|h‘41+$m[,¢I?\o\AWm§. rMP,n S Arul, —t ‘ —t .
4 J ) I . | b | .
¥V El T HDOR] HYT] A ; 8 A
bl o L DA od B |
R et SRt 2 de dhe R d o e R O Rt 4 i i
. U IR S N L,w‘rﬂ RN S S "
. T MTDBVIS] TVNTHDNID) [ -
,Jﬂmmml_ptlfA DUIAR DA (5 S TSNS S S A gy !
b ; . ey i - I ! 2 N N
T + 1 Tt - +
B T M Tt shmns st et ALrlITI + 4JI*LJ\~?&1. + et n
! : j BN i
R EE St T ot 2 S i S st dindin San fols Suh e di AL;XVJ -+
e o e o S EE TR B S S o e i
SN S (i SO S T A tha [P SPE N0 SFS
s . i i " 4 } | +
, 1 X ]
U S IO .al,v\ﬂirillﬁ 4Ll —_— +rtet ——
uv R e el T
- JJ\Tu,l‘LT» | H LY%!.#L,I»I\Y A +
IR O s e S I S e ! N s .
W : " H_ — .
f T M T
[PURU T G S .‘LTJl,*i U NI S l»il& Jﬁ —
FUDENOU. <P RGNS TN NI SEII S S AL + | 1 s .
et o e e e R } 1 - ‘
! ’ | i : !
quo,\ArIl& ‘ + +—t t Mlolxlflw,i ' H H m »A ! n 4 h_ L«l|.ﬁ.
+ bt FE + H
' + +— —t : -+ +
PSSR NPT S5 SN yL\ilfoPl]fif ; bt ! —
Lt NN S L I
S e B R SR +—+—+ t { . D Yy + X —+
- - k- - — H 4 —
i e B St o f#\l'lwl.rlﬁ 1+ §; LJH ' i _H : : +
R -8} } + 4 - pa| by B
— T - MDD ! i } INEERDEEEE BT
R SO +1?Jv ‘i ‘mW% 1 _ 3 + 4 ] 4 + edd L .
Lo T S 114 | . ; . ; [ :
SO0 R DRSPS 1T . ! ! SNSRI B SESEN
SN TEPUNS QPRI —— ! +Lvll.1l + 4 rLA + 4
bt bt n } i n i . + | i i
4 + + -+ + $—t |
' — +—— 4 | i —— i | ; 4 I )
INDEDUR N S by ; ] } RN B ; I W
| " 11,.|T+xvl : ] “ 14 +— + w + Y [
4 1] 4 b 1 s 1
- ,J?H. 1 + | A T t B T
[ + L i s Ml .
e RS | I ; [ HBEBE B3N
Lg ' 4 : i 5 D CEE ~urn
4 + ~+ $ Ll +— 1
gt 4 + —~- : % ,» — m
¢ r‘l,f4 + 4 4
4 i 4t 4 -
; LI I

46



‘o0L ‘FFOaNEL
‘asTON 319p + uBg ‘I8A0A1d 12A91 (W 8°HOE) 3I-~0001 38 uosiiedwo)y jerydedg aaeld0-¢/1 °6g 2aIn3tg

— +

17

JUURE DU DU SR UL SROUE SUUIDE DI NN 000N

e:,T-?li‘;.-%;-x.m g
1008 SO0 SR e JO000 HRO0S BN ¢ SIS 1SS0S S000N
— , o~

00001}

. PRI U (RO TGS SVUUS SN SR SO S SN . S
e RPN A U UG NN NS SR DY SR TSRS S

O SSUPRUPS U TR SO EPH SO P UGN SIPEE S SOOI
beo . Al.».. - D T T e S N B B s Rt T 405~Tt

P TR N .AxﬁAr ‘L‘QJ!*,‘o P } FETS SO S ORI DU
(K1 L B IV OO DO0AD DONON SRS SORY O
1 PO B U U U P UUUS! LIS SOt S 4
O B D IRt d st 00t K000 Ho0s SEnts -7 20

JRPAIPQNUL U (DU SO SO [ U SR G SR RN W o

B e e i ‘ﬁll.t R ~

ORDN DRSNS Wuﬁ”x, AN B0t St SO0 SO HHM.HlI#WxL

B O APT DDE ST s I Je e
W?-

IS IO JS000 PRORN SRDEE NS el FDOUS HEORE DI SRS it wﬁhuﬁh S
.T ey . [T S -;. INOR DRREE B g o \x:ﬁ»..i:.. PR N .;_-U
. AR IR 4 UURS DURON DI 19001 JOU0S SRS IR IR D URNSRY Y FUL 000 DUUUN ANDUS U RONS00Nt
1 |vl\.ol : . - .1.4.,.1 AR R B 4 . m‘l‘ M.. ORIy SU ‘Q.Itqllxﬁ..ll:
A NI DR 5 1008 IORON B oot o n.uﬁ‘.ﬂ.ﬁw‘@m L JU0I 00000 VRUDE DRNDN NeNNeN
L S5 DONY DDUNND INU 000 NOOOS IO ¢ I B e RIS HO0S S

OUUN DU PN

A Y YR v o 2 o e B e

O R T

T SR - AMIA L2300 0 R

Lopedevendenns [UUUS PR .. it R AN VUGN JUU0 SUUUN SUUUY GUI SUNIINS SN JEUUPT,
l“' reeefeeent FUTOU SRR :.L..G..A:H:.? RS S Lloouwlf BN Hesvsws
becorfe onfasan PP S (UG SN CRPUPIS (AU P U SO S - }
:
FOPUR FURRY PO SN P DU PP R JOY PUUN N SO NG S L e AR SER ??'Trle!
N TR SO JOURN SO FORSE DU DS SIS (U0 SOUUE NN (AN [PV (S § SUU !
N0 0N DO B U0 OO0 DRR00 00000 PUBTN SRDIE F000 19000 DORES SO DS It BN ‘
fededoseages o EEZERRN RRPTE BRI SR o.~A,.0.0 B R R e B I e +
: I . Q oaa
+ Kl
|

SR PP S S TR R s e L S B e (ot I R B B e | ..

G

N R s R s

2

ca e o NOY YUPPE SOV DA (0 S Io-ﬁ‘ } J1Z ] ®
O Y 4 [PPSO J UUR SIS
[ N . PR 1S AR U0 . LN VAL [ [N

R TS LaatE RERRS PR

Lol Ll —




‘o021 ‘r3oayey
‘astToN 313r + uBg ‘a3a0414 19497 (W 8 HOL) 3F-0001 38 uostaedwod [ea3dadg 8ae300-~g,1I °0f 2Ind14g

B e R {.a..ol.i -

00gT

... dSIDN I - ,H.,.. v

SRSt e ﬁu, [9DVLS VN SR R o o 3 B e

* TR
: OB B i

“ IDDE RIS

m H.H..mm...

X O NS =

SEUINSDISUN N J0N USRS SUNUN SRR U ST SIS SONOT DD DD O NN SO0t 0N SRR D azs 1

RoRGE S R

W D Ao R IR S . o S0 SO IO ..-.,r,”,.au...r.mH”

. e U WS BN

OO DODOR DURDD NN Tt w I I Im DR U008 0000 0000 DDOUY DUDDY DROR ISt 300 ) - JRNDRR 1001 O w.xr.@xm..ﬁrrt
1 N H,.xu NN DO “mu.wu RS DRDRE D T 00 000N BROON DO H.?@m.“ DUDE DRI i 4746 ) . W10 ) [ 2D T 0
W».ML. .ﬁf.. JOREY INRTON P K:‘WI?L....;&” PSS SR M e - »‘ OUPY FURU SO SO I .A>$A1,0{r»:.. ~b‘u_.'Q. ),\‘9‘\,”1-._”.2.&50” H —— “ .

18



...........

.....

MIN NOIE

7|0 VARIAB

Foeoe o e ¢ N oo .
: u R A :
. . R ; o
mwm R IR R SIEEER g
Z; “ . “.. - B . '_v ..... . .
mm;:::.“;_ A D S SRS SINS SESSEATE S
mn,ﬁ S DRSS SRS S
SRS SR R R A
- H
m,mhw S T _ SEIEEEEES
ﬂl..,.ﬁ..ﬁ”,.'@,x.m' SESRE R ;”--I.V,:HTH.:WW.:,TJ
A ! 4 BSSERSEEEE SRSEERES S
* { m ......... * u.-.ﬁ- NP
& P 07 SIS SR S " S ”0
. .mﬁx .... % ..HT%”.H.” T

Level Flyover Altitude, Feet

Front Maximum PNL at Takeoff, Fan + Jet Noise.

Figure 31.

49



‘Yoeoaddy ‘asropn

190 + uBg '1aA0(14 [ananq (w8 gr1) 31

Soaadaq ‘jatug woxy o213

~OLE 0 suoTinQraysrqg g

uy

‘2 Sandyry

. o | [oirin ColTTII
) o ) .
4 - » ¢
L e, . P octe e e e e a.w?.l'ol..o
. K} ! 4 M ,,,,,
1 . ' .
“. : . ! “ *
e e [ T D S
R S e S B S JV «
) . ] o - . CE ..
oo SERNUEEENE EAERRERES SESSEREES Smnozqaﬁﬁz.
+

;...H.ﬂ..,mm:azg*gg

191 M azy - . i ds ]
& STON NIH - :
& - MIINIS TIEVINVAG S il
. mmuuﬁm TVNIKONG . ! : : L
L g S S B U SRR
@ : S :

S LR S )

@ T

4PNd  ‘rINd

e RS S SR SSESSRSELES FET

——
Ly e

. =y,




-yoeoaddy ‘@STON 3O[ + UBJ ‘IA0AT4 T4 (W 8°211) 3J

091 :

011

!
!

seaxfag ‘1atur woxjy 3j3uy

-0LE 10J TINd Pa3123.110) 3uol

‘gg 2andty

L.

1656

R, (P (SN

mt b

4SION NIW

V-

[l

.

'g* 96, . NIVOVLS TIIVINVAL]

i

¥IDOVLS 'TVNIRONC)

- ——

‘
'
o
. X .
A

‘ I'INd

e

gPNd

51




‘008 ‘yosoaddy
‘9stON 39p + usyg ‘I9A0A1J 18497 (W 8°ZIT) 33-0LE 38 uostaedwo) [ex3dadg 2A83100-¢/1

‘g dandyy

) ,
o
[
H P

- ‘asToN NI
ﬁﬁuﬁm TIIVIRVAC
&uuﬁm éﬁzmz...

-~



*,0€1 ‘yoeoaddy
‘astoN 39p + ued ‘1340414 19497 (w 8°ZI1) 23~-0LE 31® uostiedwo) fexzdadg aae320-g/1 °Gg 2andtg

R
A mﬂ
a

' oodt|
,.«

1
M : \J
mHDz L 3 a . o DU A A 000N FOUS RS (O BSIN
0<Fm m.Jm&r 190 /AU O RPN ISR O ,.w..w_l..m‘..., .%u B pee

uoﬁ.m TYNT A 0 A S

”“.A.NE:“. [o3c b 1: AR SODUDR U P O M SR DU SO0 e o
4 LT e 1008 RS TR0NS SO0 A .

»
R
R 4

:

'i
,
s
1
1

. - - RPN P U R

w
1

i
&S

. T IO ol Y dsseasnd
X o A @ ok 0 T OO0 ORI DY SIONON: J
; o IR TR o o oot OO DORA mettseet -*
R P T IR o e e e e
k 1 R D= i : TRt

BRSO

Lo s B b .
.nu A NN A 00N 0008 AN0RE B0 ,Lx.;z
.. u® e e < T S O O N T (OIS SO0 YRS FUpED B SN Ner e -
1
H

3 N N . - NI L 00" E 2R
N b : R R | T TTZZ0N IVNTROR . LTI
SRO0E B | B 0N 00 SO - 1 INAUI eV 2 I




*a1zzoN 11ews ‘sa18uy xa333e3s
JUdI3JFTQ 38 SUOTIBIIBA TINd Sull1aPIS (W 96°09) 3IF-002 WNWIXBW 3IV "9E sandtg

saaxl8ag ‘x233e318V

0z <1 01 ¢ o0 . gk

gpNd ‘*®WINd sutt1aptS (W 96°09) 33 -00%

54

I s L o,



——— e ———

‘a1zzoN 281w ‘sar8uy 1333e3g
JuSI9531Q 38 SUOTIBIIBA 7INd dUTIAPIS (W 66°09) 33-002 wWnuIXeW 33V °LE aan3dyg
saatdag ‘x933e)gvV
Y\ A 414 ) ol o/ DERANEUERNS ¢ SDEMRDENE S

. — ' ; 0%
: -4 i

...... RS SR S

. ,. D S e

. - -g—e

xe
aond “SMWqng suTTePTS (W 96°09) 33-002

55



‘3snIyl pa3d3II0D UIIA UOTIBTIEBA 7INd WNWIXEN AUTTIPIS (W 96°09) 3I-00Z

oIt - obT

ok

%

*21ZZON 11euWS ‘rINd wnuixey 33y

‘3snay] pajzcaxaod

‘8¢ aandtyg

' .

FETON NIK |-

v -

+
t -
i
.

4IDOVLS, TVNTHON Qi

uuu.uﬁm WTEVIEVA Q :

1 . .“..“ * ool
i P T .

P e S e e N
VU U SO

PO SUPU U

[

aoNd ‘X®WINg suti1spTS (W 96°09) 33-00Z

| . . | Mo

-4 . . - . P S S

. . - b ooo. - b e e e - .

\ .. B T e
- L

+ - .. DU S U

e e o 4 ® . - - Rt '.Yovoivbwv§ﬂcl*'.;lltlt!ol.0

- . . . . . e e . vﬁ. t . . . ﬁ I e T e T o IRt AR

. . e - R IR R AR ..‘1..‘?%,?»'6& B T U DU S

- | — - . — : B

I . - D S T T T R - e - . - - -a R

56

AT At e AR )

ERC e e



57

‘a1zzoN d3u1e] ‘7INd WnWIXEW 31FV
‘3SNayY) Pe1OdII0) YITM UOTIBTJIBA "Nd WNWIXEBN SUTIdPIS (W 96°09) 3F¥-002 °6¢£ dIn3tg

9% ‘1snayy pPa3d22110)

mux 00T .06 .. o8 . .ok oo - . owuu S aﬁame
FTONNIW - & .. f. Lo cpin b T
N umwwﬁmmqmﬁuﬁgwlw-:w-: R % R T

o

L EEDONLS TYNTWON O

\ 4 .- 4 - - -y i
v - ——ey ! + v e - .
A - - - H.l‘ S e S

N N
‘!f i
xe
apNd wﬁNd BUTIAPTS (W 96°09) 33-002

i

! o o RO D

+
[
+

’
1
'
+

.
.
*
-
[
‘
'
’

|
|
|
1
|

'
+
[
‘
'

{
S S

t

!

t

|

4

!

t

i
: |

l

1

i

i

4

'

!

D

K

H

|
*
1
|
|

—f——
—_—t e - ———
——

.

.

’

.
——

.

»*

'

'

.

?i, .

LR~ BOw

[PPSR RPVE T




‘Isnayl %vvy

i

S$334930

‘ ‘L3I W

0d

C

3 JIONY

g

‘a1zzON TTeWS ‘TINd SUTITa2PIS (W 96°09) 3I1-002

‘ob 2and1d

ag:

|
T :
: N i t .MI SSINN BRI
: N B AR —
- RER I T : Tl
JSSTUNE JUUES B . i - . . -} - SN
I 4 : Sy
m _ -
i 3 EO [E35% LU 1.
Nk :
o “ I KR IDREEE
T

9ONd “INd INITIQ}S (W 96 09) 13 002

1
'

-4

JEREY

(212 0 P e




‘isnayy %Gg ‘@1zzoN T[T1ewS ‘TINd SUuTrIapPIS (W 96°09) II-002

*1v 2an3dtyg

i T S33¥930 “LIINI WO¥d FTONY T T
.ﬁiw» T .mm i B ﬂlmw S ge: | ceoggte ] Lgui 4 i Q.

™ s 14 B —— 2 i
| : 08—
ot
J g O
w

Loy
L)

t: R
'1.

INd INIIAIS (W 96 09) 13 002

qaNd

Lsiaton

NIJY

—.l H

b4 59

pL1d

3194 144
. | ,

. ,:.:;..;'.

<
[to)

B e



‘3Snayr %G9 ‘91zzON Tleus

‘rINd SUIIapIg

(u 96°09) 33-002

‘2h 2an3tyg

30 ‘13INI wWod4 19NV I
._wlm. PR IE BT ¢ .- R e _
G

K
!

T =  FADAS R
-
™

S
-
l
o
[=]
0
(= 2
=
E
00f —
v o]
m
™
=
m
=)
=
4—l|
Q
=
Lo )
(o o]

60



*3snIyL %SL

‘a1zzON Tiews ‘INd 2uTIT2P¥S (W 96°09) 33-002

‘

*gp 2an31yg

TS T T S33493a ‘LIINI Wodd TIONY I

Dm 1 it n] . Dw _— . DN._. ...... DHH SR nm | _n_d_ .

.- . Irl- — } Tnl.
. : | ) o
—= “ S

E : - : =
N I IESEEE 15061 CET) YR PR S SRR TIT SRt L ©
L | " 13
£ o : SR A 1=
S B Ry : —1 %
: : : —
ST L n ¢ =
® i) i e i LGN BT TR | S =
4. — Hw.lu J IR S f4at

>

372 pon kg
HL: INFIHBS I GL:

44 HP11d| 379814
: 1 | S AESA KBRS

il GONd INd

61



“Isnayl ,0CT ‘d12zON T1BWS ‘7INd QUIIAPIS (w 96°09) 331-00%2

.o -

I )
.
.

‘vp 2an3ty

[ R

ING INITIIS (W 96 09) 13 002

g0Nd

“_.EE.,_ )

4l HDL [ 3799 14
—

w2



R

]

*,0G ‘3snaul %vd ‘a1z7ON T1BUWS ‘uos taedwod 1earoadg 2ae300-g/1 "SP aandtl =

,ll

S NERERR IR I QR B I . ZH >u230u~_“_ LR IR ST RS L G PRI B A N B

~pope) T Ye0sT O] z |0szy cod QoS | ST oper St mait _am m s,

gmﬁpwwwwwq;wmw —T T . c 1T |
A b i i M | )

T . . ..”” . ..I. — - —he = .I.J. . H . - ” - _. _.. .. .—.l - ..m ..Iu..-.m_.l

. e e ges rmm s = fen e ——— n e & fman e N L H . . . 1 - ap =

¢

ot it oot IR S s o ; : ot P

o A
..L :

.azil.!-"! - -

W -
TEE
BRI
i

m B “.ﬁ_ e_ '
@ PTE T e e R R N B
A | _ e -

90 “1dS INITIQIS (W 96°0% 14 00

.;.:@_;@:;M=:W_u¥==_cm
. : " = .:.E R L1~

.. T
|

- _,...__1.-.__!...

rm: .: 4d h
c&.&% + :“E EX i .—.m.a




m
"L0£1 ‘Isnaul by ‘9TZZON [.BUS ‘uyostaedwo)y (eX303ds 248300-g/1 ‘9b 2aIndig
T ZH  AJNS i T T

e -
t i ! o
..4”‘....‘~‘ ..m. ........... mvﬂ.
3 , S .
R :
e E ..... * m ‘e ﬂ
- i = e

E . . L :
4 . A u m UL o P UM R S S s S TRTTs eartd EESPRIRTEY LIRSS TRERY SEFRL PR SREES Stie cis
: : @l m) , g“ @l.li.l
m ; A @ g
m ; i 5 b L R A R L I I I
! wtxl ! R IR L0 U S o R R !
; L R TR N AT I R T R R mum.—nm(h-u mm...: ......
U R OO TS i | I - - JIAZCN IBHE .

g
;

IO NIK w IR LSNHHA INEMAd i L
WIHHLE HNINON & m (b U4 HIlId mjm_ Ed__w ; m
1 ' ] ' AR R ! !

0Ol



TL0C T3S0 ayL %ge ‘arzzoN iewy ‘uostredwo) 1es3dadg 9ABIIQ~E,1 Ly 2Indig o
T T T T T T T T T ZH CAONINDINA

1 nope: 0oos | dste - opod |dszy T ooR pnS “
. e " i " < S N P -l e H
i . M . o
] SR (RN T RS
- S Lﬁaz.z..:.t. O ataid Bt —
e e e
E | o
S S PURNIG, U SUIIR e v n s e ,’\nlowlllA OIAWI.OL m
; i . i
R . - :
1 H
e S e e Sl S " f
{ . i
U SN - — PN NS SN S .
S
S I (NN SR M i-
7y MRS USROS NN S AN S
RN SN DT 1 SN .
P gl | o @ :
T mwfﬂm; TR ! ,
o SRR i @ ..... : .
» b s £ ]
L. W i knl :
RERERERE |
IR !
i : : } )
] ! ! i H :
AR ol T T O O P L
S me & g ;
SR FER A D B ¢ : HEE T



‘.01

‘3snayl %5s

‘a1zzoN 11vuS ‘uostaesdwo) 1eL3dadg aae100-g/1 8P aIndryg

T T L, 2 AONIN0IN T

gl

m e e ed

T T
B T
BENEE 2
IR O R O I L L P IR
N ! M ' ﬂ : m . .
T - E
B N O S L A A e PO B
- Q mD ‘ol D“u gw . ﬁ Dumru R (S A O NI IR (I
. . 4 a[ : m ~ .
T TR T
; : . [ ' 1. “
m T T
ﬁ'l. [RERE B m .H . . w ......... . M .
T T I A o
SO VR S SRS SR JON JOUNS: ” . O - m.um
ﬁ T ISION| NIW { : ) _.mDmIm
Hsma% Iwegod @ b b SRR L i
HFOULS TIHON u. o8 11§ + NHS
= L T ., ! -1 AN ONNN |

(510)




*,0C ‘asnayy %69 ‘912zO0N TTBUWS ‘nostaedwo) (eI3Oadg aaeld0-g/1 6V aan3dig

67

i n.wunu.mr TR ZH CAONIND3YS ¢ T ]

o po m..ﬂfﬂ_m.w S1E (00021 j0g2 N pess] 0% fsz1l coB oS U T

B R E A 1 A ok R
48 A 1 15 N OO S RS S %
L b ! ﬁ.;: . i .
SR B o B e

]
B

“1dS INIT3AIS (W 96°09) 11 002

. 4d




*L,0E€1 'iIsnauy %S9 ta1zzoN 11ews ‘uostredwod 1ex3oadg 2483°0-£/1

PR

ZH, AININDIY

*og 2andt4g

2 foged

uuom -

' I
i : . H
.. PO RN BT R PP SPUED SEEDS SRR SEPEY - po 508 poe
—— -da l.mnn,i.l
“ -4

¢

N11aTS (W 96°09) 14 00

i.
o
.90 dS 13

-t
o)
D

68

e 4



*o,0C ‘i1snayl %Gz ‘91zzoN 1leus ‘uosiiedwo) [ex3dads aase3do-g/1 16 2andig

ININD3

] ZH ‘A

44

sofsrer

TRIINN
. .. 5100

H .
P .
IR 22
. .

[RTOUS 50N

by
e i
lleeeanfiadllgllll
TN P T
'

RUUINS INESURURNE VUSSP .H : EEE EYUUE SN SUNUR UESN T -
w : SN Morton NS B i
Aot bt ol e
w T A R Rk 5 -
H H ! . RS T R S B
i . i I * “
¥ b HUIES TR NS NSRS SN S PRE IOENS SO IO
! : : i ! | s :
T v ' T - T ’
: 7 i i 4 “ . i R
RS o .. - e SRlliilll O SRR PO A SRS SUTE SN
" : ! { i . o
! : : : Lolodd [ .ﬂ g
; { A.mwlﬂ !
b i ' : !
....... 4 4 - .- .. e ..l.-. .o ..u-uv... .
‘ +
ooy

aFIHg

27
Ezt-‘i
I Lot V)

(W]



130°,

75% Thrust,

b
e

!
.

Small Nozzle,

11

FREQUENCY, HZ i

=)
)
b
ot
=
o
a
E
5]
(3]
$
apes 9 —t
e g w
B
HH e
©
@
[
)
e )
111 >
LI ass g o
Ttae -
i R H 0
T _.itx spesse o
IR 08¢ F4gas suns: | §
e38eb8eitl dol23aa0R: 2370 Tod5: ™
HH U N
ahtang '_‘
b HT R
BEIEEEL Rpesquani dhaghacisid
RETILITa R iassnatds: o
it g it ey o w
™ 1221 e 3 1322 I -t v s3gupesus: 2w ohae
i i i i st e i .
LEpih 3 358 3 SRR IR Ese SiHt 3 gd e T &
skl [33: 1t3te 8! gEs28] shagypaced foast I i H -
b 3331 B33 s e ae Lt L R T e
5 i Ff}; SRERY: T .i{z}z i L
21 IR SI3T8E 1333 $ST2T HESTBALt PRUSS ERULL 13
H it BT e T ik F‘i il ettt :
it e iEa et i Higtisi iitaidesl assaenad EfETiEG
I o gs T =g s 3
: Selleet s2dt] ety i’“{;“
'} ; bd 1 1144 e 1
1 [} 11t x
HEEEEE 90 S INIT3AIS (W 9609) 14 002 fEiiH i

70

I AW A AV 3 VY ek Slemar Y D sran W




i

8121523 1222023311 1121

1%

70°,

100% Thrust,

1/3-Octave Spectral Comparison, Small Nozzle,

sgad

H

3

Figure 53,

T

ahed
1

jneat

-+

s

o s
4 eub 4

(382

eng
25

114

e

NIT3

3




‘o021 ‘3Isnayl %001 ‘@12z2ZON T1euws ‘uostredwop Tex3oadg 2aeld0-g/1  °“¥S aan3dtyg

ISRES 22228 22582 2200 00202 SRR NSRS 122 122 0T In . I3RS 132 ¢

MEOES PORRS PREDE B8 PO PP b 1222 2R222 2222 I BRRES 2RERT I .

N IRRDS D B IS ERR2 IR e vt ve
IR2%S
e

R LR e . ;i 'AONINDIY T
. 281 s B Y008 1 heG T

09) 14 002

B ke o

il 80 dS INTTEAIS (W 96

oooooo

IERSERETEE kRt XS24 SR8

72



‘008

‘asnauy %bv

‘91zzON 11eWS ‘Bjeqg pPUEqQMOIIEBN

98] P 4 H A pEp

*cg 2an3dtg

07 FEH T Fer o T ot E AR an P Fotf e 9 w 17 t
jinsiggridsnagisstananugntainsnsbatnssiana inangges TR t
—++ 4 4 +1+ B e i ol oF SR SR SRS S G O 0 G U W W O 1y 0 %
TSI HT L b T T TR R T TR [
T T e L T EL e T R T T R R
T e e T T e L T R TR
A T T I H g 1 T
7 ! ] 4SION NIW -~ ¥IOOVLS FIIVI¥VA
T T T R ASIC T
i ITHLE t iigus RS . N LITTTETr ,
: TITTETD LR R L R I 4888 ST
M TN DAL | T Sagasasielspssgasassnsgass
T HH W g sifngsfssidus ;
& -+ + - / - vk.\l Lf. 4ttt 44+t 4+ -+
A i T T g

7

| a3 _ |
‘ ﬁ Hpainuatiig

i VAL 5

1 i I'd I SRR 8

i } | [ 1 y.“ N L)

4 A i VLS vw..mlvr ;«W N +

FHH R e FETETT - .
ey .,,w ﬁ#a + + ¢
H t Tt * ¢ ) t o
. .v‘v . H .
SASBSRAS tpeprdg :
T M IBDEGEEN 1

: T Wi
N + t ! - T t t e 441+ 1 4+
.I. 4+ - TuYr;H‘_v o,+ .‘ M,.r + WH : -4 4+ .le.uv i P [ t T I T
.,.wlﬁr I I I MM\WIH ' * M*” [ v. . i { SN SR X B I O & &
o S ISEN :q., t trit i T
-t t w o,'.a t ot t —» -
M R H . H.M. _:WM : : V‘YIIHTMI
! R 1k T
; Hiihindiiih L L A H e
4L . RS A I 85 ) 0 I U AR 3 g & A HA 41 L1
i _ H “m il : - ; % SESRSSe R RENT
Dl X ”t i 't b SRSRSE SEERER R L1t
i Prrint phedre i britpreptre t TIrErTer
1 | T IO IR TS Bt RSN gIRENS

73



‘o0€T ‘ISnayy %py ‘212Z2ZON T1ews ‘eleg puequoldeN °'9¢g 2an3tg

1] 11 L BN - Salsnshass | 17 T I 1173
T jUguEEEEgE 1t '*W ZHX - DAy PR 1 T T T
t1 jagdnanguigfgan LT LT T fiLH‘i~ g m, Tt
- 02 1T 8T T 111111 91 + ARt bTAinsttetnnisaut it ntl s 1 9 T in +1C L+ :
I alediis el iNE EOREASER S o irigrttet et sl ot Rl Beltd S :
' - T T T ! ' T eSS RERRSE: ™ :
W m ,Hv‘wiv‘va + Hn_v -4+ ‘ﬁww w ﬁ H W H i aw. Mv.v 4 HL\MIH wﬂa —+ HHvﬁ\_HT« rﬁﬂ . R
B L1+ } t bb4-1 ER N EIEEEE ¢ F -4 44 . S R i+ 4+ - + 4
- ail % Hyw. t %“ vvaH r+r ‘H N < 1 Hg p.,qm H M ‘”ho,uﬁ t AHLWW‘;_MHH.:TFI‘“‘ M.Al.1+t%
7 T T T THNE SN DA RS S S SR RS SR RAS SRS R SANSS HHNNY BE S S PN 2t
. 1t o sir | SRR LD S DAY I SR (I IO S Hl., risre ﬁ:l?mlx L H
1 H, e Prrptrrstt Sty S R RSt e RSN E S0l Bl naiat nhuan B E T rrie
H W, W P MM vpe . w SR SR . k__ W . Am.m “’ .‘M4a e ﬂ.,A‘ilﬂ‘A Y.AIMT‘WI*W, —— ——t - .
: R N SR i P . Fd LI A st Lyt PO VR O £ EH BN RN O S 4 s
o THE T T T SRR ERERIRRRRRTRES! TR S iits] sRet b Rannteanes
4 o4+ + .. - PEEEE S e t ‘
AT s T ASTON NTIW - ¥ aval oI T T T R e
T 4+ ’H‘Ir:r”- TrTri1 ci A e e + 11 Tt
T - R R SRSRER I SR SRR NN SRS IR IR EERE R P R I I I B B R o e e o i Bkt 2 A 4t
4 HEH S EE SRR R E * iy R Proietrioe pﬁ»ﬁﬁ R Ee b IREs
k3 T - s . s S h ' N -4 . H . e
fxr%if. Sl I 55 B h e TR ! C L
T T NS T G T T T SEESEIsussssugsates ﬂ
! )7,&“\7 iy T+ (wIJ.. A f H 4 RS H_H T ;,N “+y 1T FH
. 5 - + 3 N Y ' H . + i PRI RN A +—t4-+++++—+++
PR p t H.~, 29 . ...w . . +T.<N¢, BRI 4+ elwf%lﬂ jERSER
- + S [Ny Sy e + ou B ;
ERRRERTRRRARE RN T R S "
,k i H WA_a, ‘_# by f B ‘H . - KI% - v‘TIrA_v R | - —
i X et . S T 1°
+ 4 M ' A“HH 4 q* e bl »_ﬁ. H\M 4ﬁ\ﬁvﬁxvﬁ n] | it + + L -
T T T B t ; ! ) TN i T ! -
IR EREN { T«_ ! RIS I SN i i w.. ..Jﬁ 4 - H r1
P o ‘ ¢ ¢ g o 4 4+ . t A4+ - -
ot NL‘ ' L.f H SR “ m .t . . v F LL!J\ R AIﬁLf b [
S SSSSE EOSES EEORE SESEE RS BE BS 7SR % AREEEESEENSRASSA ST NEA T T MR T ot
RN G S ol _LJ N R R R NI i B I [ NN %ff%i»T 1 B
N I RS DS NE I SRR N 1 48! : il } v Tl N ERNSREI -
R E IS M :w. AEREERRREE i IF RS | ! PrppriH i 4,H BT I °
e P L TYADIVES 09T T eI ESESn iSSS1E00EAsRasEsal indnannbEs! s .
by [ RS S 1 — LR R RE R 3 T RN hedad T+ T IBE, -2
el eile it ik ”1 RS IRER NN EaE L *Lh,x,_v [ SESNESSIRERRRN RS SR g ; e
NG R . A o Sy - Lo bbb o4 14 v 4 Jayans R o
Sy a8 it MM L ! [N SN BV S S wl‘ - - 4 R lﬁhqlv W SERELS o
ST SRS Ranes RENe T T T T : O T i »
. «#ww . H biobaty JOTN R M 1f\v*‘ jpuas Il BN i L.HA#M + N 1 Im.
SpritrtriL Libitt i * W ol i NENORRESEEE RRanBEBREs unl @ : s
ittt S B B ins T \*L BESERSNENUASEAREARSARENTA S 3 06 lwz
. ,y,ﬁ s + IS : -4 L SN SN | 441 S -+ 44 - +4— LLLTY‘”nyﬁAvTA — E—
ot H } i e * b iyt BRSNS m | f NaE 4 J oLl I .
1t by ! L 1 INEGNEARNGERRSRNENEN T
At e e P B e R | S353 IESes
st e e T HTR P ; :
N O N b O S ; 4.1 - N . iy 41
MR , P R T e A e i
NS TM friepig- 44 t: ! RS Fript e & ! ﬁu bbb dpes prd +4d
TR T S PR RN PE S TS SERRE SRGOU S0 E DRETE LOTRN PRUSE SRS R ESSRE IY sugn iLillnus

71




N ST ITTLTL TNl e e T —- [ It

i
™
T

PURREIRY . [ R skt Sl . Y WPEIPUNIDR SRR Y -
gl - Tv . : b " +— " O -
B *—.r»‘._IM-Hl DODUDURERIRED ERNSFUES SRS A S [ OOt N, -
-.»;.—JA.A[_H NIV S SFRPERPRPSSESS e S + O ks LRI & 4
B D D B e S S Rhaadnan tas IR O et e SRt aa
bt e s e T ] ol I ISR Ry SR N
L SR 4 : f : + ot NN . -
-t - t : ; +
4 b . s e b o [ l—»-I"L. -+ *Lt;-
PR SIS ST Wy VAR R SEe e — s 4‘_.—‘. P e e & 44
[ e S RN RPN TR S RGN EBDEEE RESNES TSN S reg
P S DI SR VIR I S UGS USRS SRR SRRt . H R SN USEINIE Sy ESPURRpES SRR ¢4.._
BeeasRtan savas net S \ et
ol . 5 M I DERANNN DS E : PR DR RENDS 1
by rt ¥ s e g T b
,_l:ivu«ﬂ_.l—**, L T e e R DENUDES IR Ly ‘
U DR N SIS ADER SREDEDIS oN Spun SR 1 SRR S m-‘»f‘*%#—"—
D S O e SR - SNPENDE WG i SRS S
- I SEENE R i 5 " ;
: BEUSANE UDRINEPE NP R A I ) RN S A i
[ ] o fe e frm e b e A UMD INITIM IS ISP L
o Svuman HEETEE B e B st JUDERIE T A —+
D UEGERUN i SrusEsp SRS ESTE S e | SUNR TR s f e e [EDORE Wy T
"t b e | ' " O,
[P RN ST ) I .,,t JPENEDIRNENG W Db
Tﬂ—#*—f‘*—‘-——*—ﬁ—“ . PRSP — e+ o vr>.~T-4_->-L_\. . T 4
e LN D S B s e A St U GFUR
- Ly PGS SRS SR et e §4 [ SO RN .t. y .
+ i | # + I ; .\ i —t 4 s
i 1 LN T B TN e N S L
-—~4«r~h-—-o——»—$ iy T aakan shemey R i JEDEEIVODUDEINS T e -
et 4+ . e - ‘ ——— 17 ke »H-‘_‘—-*-__o-x-q_u.__
D LD I 0 R e e e e e st . —
T Q ' T
8 N UDUDEDSIDE Syseapt -
a— Z I¢,,_ F S O e B SRR
— - z . .
D [
7] . =
> " e A '
[ SETNNE OIS

i
T
?

1
| FREQ - KH= -

T B
S senaa haswa s CESRRSRRRR LTS b5
B 3‘11 ¢..__..,-_.»..~..-.;_._._4_.
. bt H"'”'”""""_"‘A"'*'“‘
t L 7 B i
jg L%_*_t___._;._r__,_.‘w_,. |HDOREE IDURNE SNEDUDE SEpess
b Ly 4 4 . P +
I RN IREDER RS DRERETE.Y ﬁt—:..,...... MBS S
X | e Nt ! e I ‘.,*.JOW_L_
T ! :
: I PRE SIRORPESaS siolen s
= ﬁ
—
m
= R
[
S T
VIt I
: 1

1

;

.

*
-

1
i

Narrowband Data, Small Nozzle, 65% Thrust, 50°,

1 I
T -
1o Ly IR INDENP D ,»+I-¢_<_
‘ e} -+ S s B bt t-4 4
* : U I DDA () ENTINDAPEY SrEees ,L,f
: ST ) —t g e sy -
! — T o HH
-4 b b e .7uJ,r-A——TA- lwvﬂ’«w
{_ R s -++ ¥ +4+
DO B R 4
I INRIDENE IR [ St
DU IS .
R HDEDSE U 00 SUR D SR S vt kwl_L
—+- -— R -+
- Loy . - -
i

- g T e

P

3+t

=
Figure 57,

. +— -4 s e + ‘,4_
--M%Iq [ sl
Vg SR ERRRSRIS IR
h - e . d e -
= >4l Zania e i AR
44 . R e O Ead st & JIR N S «
I L34+ +4+ *Yt"“ —'-Q—&*—ﬂ"‘}&‘ m* RREE .&—f-{;_l
L s BEORSaNSROSE OSRPPREREERN DRSS
+ 44 by gt A R4 b At R ERREE T“""”*""""j
v : — RISt + DR S a
f Il B d RS BOe0t i 4
+ t Y——1l, V—t-.‘»«t Y""f% RS AE SARSsS
e g + 4 P e O iih IR AR ' dl a4
- ENENEENE Wiy S SR R P R e ]
+ ; : Al v y—-—-
E 4 - 4 44} e+ N SR AR A s
I - 44Lt~l‘.13.1
11 1 1 4 R R i 4;[ PR
1 . L SulantilBaphy AN w
e gmEwRNE L.L» o8 pancesansl phdSRS
(- —~+- 44444 o -l‘-r—{»y< IR “&- - .1
- 44— +4 1t -4 g .. ... -4
2._4 b4+ ﬂ-lh —T [*”LT‘kL' ‘“ 4 »T -4 4 4§ 4
| + T Y 1+t 4
by g s 4
PO

e

75

b



. e ey . . . T T I R AP ‘e q I
.I.. P S S A5 OGN W DU VD SUU PP QR SRR SR IR AU »g_.'»_
+ n % — ;IL'_L | ; bt - —
} e .. ‘et e e d e e e Y SR L 4 o4 i +
B DD (DRI § AN S AN it 4 IBERS SRS InEsE S
I D N U, B S N s o= R DRSS
.‘.;.-f.».- I B R e S 4= -4t 4-4-,4«4—4 f
U SRS SN UG R S ottt ——t —+ —d |
SRR Y AN TP (SR SN § B BSSEASENEEEN M RSEEE §EN
e e B R e S R B e S L N ++
R L T e T R i inamanenrt S SRR 4+ ¢+ bty 4t
[ T Y TInapape Sommap -t ot fjil t oot
t * -+ X 1 ~
[ S S I I I T ST B I B il aanndR e Sl s | +
.‘?..‘.,‘...>I.>..:...‘ B iR X SRR ,¢+¢.T¢r...7<.-p*1«.—7ﬁ7 -4+ + 4
R S U U SO S ‘1 ST [P IS S S 4+ -+ 44
B B o “"“H"“f“‘*‘**‘*‘*L'ﬁ +
PO S : : } IBE SBaN
I ; HIM 4
I N g + b4
FE s G PRESEHENLE BOGGEEeE! - 3
; ; B -
b R s IR IR I P s = 4+ )
D AN SR SIS S e e ES Laaws SRS
-~ — R - + —_
. R I I R B ..».l_;-.h. R o 40»4-&—H—0-§<—Hy—tor~x—}—0—{
I R AR IR IR B R SRR L r.‘,aﬂ:.f-».. P R T e SRS l,ﬁ‘
N ERSR SR a0 B N N e e MRS MG T haas daan
P S N I I I PR + - 4
: : ﬁ{ M + RSS! t
t - B e B aad AR B o e
i ++——f

O S

$o—r

b b 4

+

b
i

17

R IR I R anas S st e :
B R o SRIPSE

1

R TP

. a e

SR B

I

PR SRS
ey

+
1
ey

F

_n? 4;4
T IIT

+F14

o
8 : + -+ {
. . - ey e el it et aee
. . . (N A T e N ENE ] o
. [—Q:.\g : = } e 4~ :
- v -~ [P SOV N P D !
b . s . ... .F‘.f.>-.4f.z poar o B SR ‘A_Lz
fe s e e ° e . [ B “'A‘I"T‘ +
R R P & 2,4\,‘_._-. P -A.ﬂuNﬂl
. i " —— SH
SN DN JRPRERE HDNE SHSSS sl-la] )
PR R ] o e - e SR R + [T}
B T TR TN S DY PR R I R IRAP A PR
JUNE S RIS S LE

.‘*,i“,._.

Bt S T S B e

S

R e

e b e

OL
H
TT

,
e e
PR
! 1;
Foby
«f'
]

P S D e e e - R R R
N S T TR R S 4 ~¢.~E....,.¢.-
e A - e PP P 1 USRI I S iy
. L»—+—‘-~VI .y IS S U O A—~0>*4&~%+ .
+ % 4 Ranatd +
[N N [RSRIDID (NGNS INy o S SNRINING) SDEM SMDENIN
PO N [P DU R I e
[ BRSO P I T [ SR T S -
+ + + —— wﬁjj'—
R R R R IR B R e S
M S INROS HRDEE SHEOEE RIS IS DI wﬁxq
P F O S P IR SR 4+
4 e + N ....‘%rp.
.. + b e .
oo;ro + -4 s 4.
S SREh
+
MR S DN
[ SR AP s
. .»..1.’. P
R . e
- - +
IR SRS SN 5 SR o
..A,E.,‘ h~1 - +
e b e . .
ey e .
t +—— +—+
. 4$'¢ iy trary -+ 4 -
R -+ ¢¢1,¢‘».1¢4_¢f<-
LRI S DR N R 44+T-{
. c'v10~v 1414-0«'94‘ =+
e E e e o
. MG D 4 IR RS EEE =
g et - EERRERES IR
: ~ Tt AT
LR CER R EY oo0+<-ot -
— g O
’ I—_f—;‘Lbio- PR R YT«J[-_‘CL——
. .;’I4_»+_+4. I’Y‘ o+$7 ++
R S AR 44»1»4»0—#‘1»—1—01-1»—1—
R RRN t»&.»» IR ITR AR R
[ R aand —— +—+
' t LRI
. . ¢ b+
’

e

ll
-

B
DS I
b+ 4

'
4 . ’ $+
+ . v + + +4 f
T SRS ST Y RINHIE S0 I S ' {1 14 $- -JT t+ -

@ iiliiiiglriiliiig 1iiiiig il g T T T

16'30 B ,,,!g RN R 3-£w-+y'-*--2f+ t H-Sb i &14<= L

Leia SR SESAMASORE SOASINARE A ES SN LSR8 A8 Sohui SEDE B4 S04 b
9SSSRRARARSEESRS S SRR ESRRR R DR BRDRE NNOR! 1

v . . [EIREE BCIR O] 4. +

T (W%, 70000 (04 WP- 14§ |1l s e EFERTET

130°,

65% Thrust,

Small Nozzle,

Narrowband Data,

Figure 58.



‘isnayl %pp ‘o1zzoN 98IeT ‘TINd OUTITOPIS (U 96°09) 3I-00Z '6G 2An3i4 i

SRBO o

ST R R O A RERE] GRSl td I I mummwuc _.u._z_ W04 F19NV
ok A L L o L L R .1:4 E-s_%, ]
a0 HECLEER O 8 O S O T O M S O m Jodi
e b AR N
1 i : | : . N ; I i
) ! N RN SR N
S O h- - H M ......... ,.w - * , ” - M w W y4 U 1 ” w -
i .. \ —— , : -4 -
B A A DU I I B A B I =
N R U L | S e A5
: 1 - : N " ! N SR = §
. :IM.“?_.J.M,L-WI: ..J OSSO ..1.1.-... e ,w. z..*, BN FUNID SUUNN B Hv e -W e e Eo MRS S : %
s 5 | | : : RS
. .W 1 ’ f . w . ¥ _1 [NEES BN AOERS M M
..;»w . . m i .- W ‘. R S vov.ﬁb.: SO S - eeepemeny - — e wv w
i M , | L : [ |Gl
! L IR SIS B m
U SO . . PR D SN USSR S 541 . —
e :
- ‘.w.... P S . ey ..w~«¢x S, ‘ M
P + S 1> SR =
W...._ baddids -
. . g
™

T
.t
3
1

R SUSE U SIS PNTE COUOL 0 0033 SSULS JOUDS SIL08 JONES FNES JUNES PDOS SN Huids yee el

: -*** r‘%ﬁ*%m

A __mq W...x : 0 sose GRS OO PO S MRN8
| dos v @ | | || TAIES) -

N
Wl
o=




"3SnIyL %66

‘d1zzON 23axe]

muumwuo h:z_ WO 3@2(&@.; -1
g

ot

‘rINd QUTTAPIS (W 96°09) 33-0C2

‘09 2and g

e |

sref amere—.

e SRt ol

] _'g;:__

......

_
1 |
' h |
” _ SN . | .
o s W..k\. 4-- l.,lw i L I
m m “ A PR R NS P e * ..........
[ H — ] H H
b bl e i
h ” ‘ S IR w R
SO (EUREUNUUE SUURRRUNE SRR SUNES P A : S
: _ : . : ; A : T
R e e I v
: ! ! ; ' ¥ :
e B B Rt . : m i
i : ! ! w * . : _4
R et me O S TN -

<§___,._A§_,-,-___
: :

Ik .
A ”.T. et M i

.....

— 8
L=
O
&= ]

s

B

..........

. i
..;.fg;
R

m pnl Rl
i

GNd “INd INITIQIS (W 96709 L.

20¢

PUNRELSII S

i
SUEEIIN S T

-




“3snIyl %G9 ‘91zzON o848 ‘rINd SUTT2PTS (W 96°09) 3F-002 °19 3dandtrg

(W 96709) 137002

P

.....

@
e de .- P
g0MNd "IN IN1130

]

b e e -
i
11

i
!
I b
....... S CIEHIRER! ShEb o
{

010 A G A A s
C ~ U O I T S T e e Pt T . I Lo _ Ll

|
I 5 VR 0 ¥ A T M
y R it ST S EOVSL AP L% MO ; - _
3 Wo?gzﬁ w ,%wmm nmwéw B L O O




*3SNIYL %CL

‘a1zzoON 93xe] ‘rINd SUTIAPIS (W 96°'09) 3¥-002

*29 2an3dtg

5338930 ‘LIINI WO¥4 TIONY T
dhkrioR e a8

e aaba e S

A et S

SENES NN

“ : G
: . ” TS
. SUULE DU RN SUNS RN : . ] R U3 VU SO IS0 SN “ede x lei-vH
: , : N
; y S50 000 NS L 50 TS IO T A Y IS =
: A B Wm%
& - , _ =T =
- A JUUR FESUE SUUES JUNNE SUNN JOUES & =
M w I . W N . et : ==
: : o ! i . :
IRETY el e
- - . -
: 3 Z
. BRE .l . m
N A O
. ' =
. . =
: S
“N
S
oo

SO

80



*3snayy, %001 ‘@1zzON 38187 ‘INd BUTIAPFS (W 96°09) 3I-00Z °€9 3In31J

¥930 ‘LIINI WO 1INV
B a: h ehing | TR

ogd

o3

"GaNdINd INITAIS TN 96709) 14 002

pree




*.0C¢ ‘asnayl %y ‘912zON 3387 ‘uostaedwoy [eIjradg 34BILO-£/1

ZH ‘AININ0I
b4 * i 1] .n ..ft .

d4

‘p9 a2and1g

82



*,0€1 ‘asnayl, %pp ‘912zON @3aer] ‘uostaedwo) [BI3O8dg 3A483D0~L/1

‘cg 3andtg

TS . ZH "AONINO3YY
[opa| - 000 | 08 1E |00 g2l 0%

'
1
1

.. UL IETS TOURE FI00R IURUDEETS SRS O §
- o I S o N Y . % CERL TN T

........ e I OO B T N e i S SN NN
SO SO P S I i b - 4

90 “1dS INITIAIS (W 96°09) 14 002

83



*.08 ‘3Isnayy %SS ‘a1zZzON 93xe7] tyos taedwo) TBI}D3dg aae300-g/1 ‘99 2andrg

A.myA. m“ .. ﬂuﬂ cm . . -

e g s — - R s

I D SEe— P ikt maanad
1 H '
H
- — ————
- - J% PR AR PR BT PR B I L S S IR
—— —_— -
e g

o .| 9.

84

—



‘oOET

‘3snayy %G¢g

‘a1zzoN ©93xe7] ‘uosraedwo) 1exioadg 2a4e300-g/1

‘L9 2andyyg

: >oz§8& ; “M.
| i o
BERENEY-

1B

1 ::I,:: IE

85

b



-

‘o0G ‘1snayl %g9 ‘a1zzoN o8aer] ‘uostaedwo) TeI3OIdg 2ae3190-g/1 °'89 2an31g

gous &

T ZH ‘AINID3as

W

. 3
- 1 ﬁg‘ﬂ :
i . I8 N 10

r
xrr

09) 14 002

©
o
A
18w
i H m
: . —
: . m
g8 v
: HE : H. |
if I PO . 1
i s : i
| : U : S o
; . th b : o
: : s aies N A FET
5 il I IEEE : :
- ‘ | M“.“ i i
81 (RSE EROR CRERTSERNE SURRS RRE ISR, .
ﬂ ] M R #. 9
=t " il : S208 W TIEN §
43 ; ; i i f ! $E A
; ] ISERS (EORSIEER! AN EN I
aigttit) ciisdbanid rysat HE AL LB
kol OATH0Y N N
I35 12323 ERRNE [EREL ERAR SETERINIS IR AR LRRE T ~+—1-881}-

86



*,0€T ‘Isnayl, %G9 ‘o212zZO0N a8aen ‘uostaedwo) TeiI303dg 24€320-£/1

‘69 2an3dtg

N._._ .>oz.”50u~_.“_: Mnu !.m.-”H.HJ o
1 i G

-+

=}
o

)L A
. .. am.. ]

1 potneg sl o

3
i L
i . 1

1dS INi1301S (W 96°09) 14 002

ad

ESE3S 18334 BEREE LEERL

87

e M



88

jaqi saaeaszast S8040

Joues

T
DOV SUSEe TREDS RETOT
pooss paans SRRl
jase o
boose Baes +

SSess SStse peuu e
sea=t passs et N
e D s B +
SSSSIEEESE ests ;
sebes
sssse

pywoese es =
o s To8 e >
(&)
o st sasen sl
pmans sases ooe: I Lad
b T 2
; o
53 Sondly FRasssas: o
6 Sosbeh nRe o
T ey pans: enas LTI
R332 seass oo 2 sessas]

+

3

, H

ass:
i T
4
MY RS +t
5 88 [ —
- ++
1 - - :
9 55
bt aut o i
11 13 1
it =8 : jpans
o -1 - H
183 w3 1 :
:-t’ :I “d
122 224 :;
i 1 Py
182 138
o 831 Faes H
1 $ess &
1‘ . 4 s
é -{3 23233 bt Sa835 shaas hob] - H
i Sgesasssy iget s tiagg snnas oo
e e pihr
: T Seses Fetelos anea
3 v et 2 T
} +13 pRpss A4 et T
H 138, baas i i :
4
32

s
8

e

RS

Reas seaus ge

ho oot

phes sougseeS
I

[~}
1/3-Octave Spectral Comparison, Large Nozzle, 75% Thrust, 70°.

Figure 70.



*L,CET ‘3ISnayl %SL ta1zzoyN 98aeq ‘uostredacS 1ex3oadg 2ae300-g/1 1L 2In314

. IREE ERER IeE RRES

gl ; . .1

. 3

. A810>

: o

1 MTJ,*l!. ..... N -%.w-.%-- ] SO SRS O A “mm _ T 99

U PPy SR S el b a—— an - - — . - -

1T T L s L gl B 17
Bl RN e el bt U e -..&y B.—m..- ..“m..ﬂ“-llu.-!r. .--TT-IJ..L-!!I.: o8
A N RN R RN R L IR S

“ 4 [ : . : : . . . .

. ) N N m. : T:.:T. :m IWUH:&mh:ME .m:..wi.:ﬁi RN SO ﬁ&.?%i.y
WEE.EF_ m . . . b atroN Boudt (o ) I | RN
o

g awpen @ 0 || | [1§ Em“_r“._EEwﬁ T o T
_ ~qb&m!5..., ] m.a.,w._ﬁﬁ BN TP 01 L N N N Sy
! 1 T T T . 1 ’ . T T ' "

1
| : B 1

89



‘004 ‘3snay], %001 ‘91zzoN @81e] ‘uostsridwo] (BI3Oadg aABlOQ0-¢/1 °ZL 2andtyg

]
. ¥ rrt ! H +
AININOIYL Rl S Sl e L e
. [ASRESIT vry Y 1] T 3 2 889
o L 0 e okt R S s
13 ief! : LT3 . < tiahit ILH »: s
! 3 EIHHIE TR e e T o 3
; T ey s e R g :
3 : AT TR i
H Hih Mstip fnshise Lot theflseed paat
1 0 S5 zsads RS0 33R3 SATRE 3] t+ H
I ] £ §
r m_w.w“ xxw‘vm:zxLu 2080 8g0d¢ o¢ %
- v MES IS 0081 b+ 4 SESPESSNe SOE Y
IR IS3E Has: 5852337 s2 s :
3t & Sup e TR R {
T PERRE 20w b1 o aaeny cut
i S W chad! g nains i3 M
dnf | Ee i ha
i HEEEG TR
ves e fpgsn frectr Bt N
put 3 TrTeT Wllr,w.r?lm
1) i IS ' Hi5d
i q - ﬁfwm 83133 1gaveasse
. P Sl oy 9 ve 12T
] 3 T RaEEER T M
I3 + [P 39950 2apgq fGag e 4.$ oy
4 Pt
: : EHETE
i : St
: § g

;
6

[S3nde ;pﬂ;q‘ 1

25
I
Hi
s
i 1 i 4
I8 LIS E3333E o 3] kR
Hithiit i il i HE
21 : ree o1 T T e
i il i i B
S0t et 22 tr Tt S : e
i m»m . “w» f.m wﬁm Bt oS3 o nss tragssoday ieens shgad
My = goan; % 1538 jgeayen -y T =
o] it R ] i “ i
S I i LR T B S
HHpH I8 SaRaRtrt asfiset] He
it ( $53S833303 138y Taeae BRI
i ! i -
198 SS9 ' T
itger b pind .
SRR ! B <1 N
i 3 :

90



*,02T ‘35°J1UL %001 ‘S1zzoON 834br ‘uostaeduwo) [eI3TAd: 894BIDQ-£/1 ‘€L =B ARl o ¢

pogs
.

EDOumu e
i

!
“manu ! qu.—...,r.m "
T

ey

. LY ouEne cpnae

t
54 sBugl sopas Jube Sunta |

N1TI0IS (W 9609} L4 002

1dS 3

............

%"

......

91



M . - K R ol
UM ROt e e e o+ -

*38NIYL PaIOSII0D °SA INd SUTTIOPIS (W 96°09) 3IF-00T URWIXeN 3JV .
‘9@ TON unmyull I888elg aygejiB)y UO SUOI}IBIIBA I|ZZON JO S3093JY ‘pL aIndty b :

% ‘38nIyl pe3oaxIo) .
001 06 o8 oL 09 oc ov , .
912ZON o38xe7] v, 1

atzzoyN 1ivuws [
31zzoN TsUfWON (O .

@ (1193

0z1

D—
gapNa ‘X®WNg supyepts (W 06°09) 33 002

. v
o
\
o ,
- - -
. . o
s s B0 B N . .
J A SR g e e L " N ) . . :
g TR - TR T T RN . . e K e . . :
~ " s s B I P N T i aprear



“INd SUTTI3P¥S
(W 96'09) 33-002 WNWIXBW 3JV ‘31ZZON PuU® US3[d 21qBIJeA puB ‘a1zzoN 2[qeIIBA Due
Ud3ltd PaxTd ‘@1ZZON Pus Yo3Id PaxyJ I0J 1SNIYL YITA SUOTIBIJIBA ISTON WNUTUTK ‘Gz 2InBrg

% ‘asnayy, pajdaxro)d

T ! T "
.w.“ .....
. e L} b
e e e e e e T e - -
N R I

v
X8RNg auriopTS (W 96°09) 23-002

Sboooovo ot DD HOLIE TIEVINVA, S
S SOSGEESENE SEENNGSIEE DI S Coh
, : f
P . . .
, - . D m
. w . IL\‘ L ! . + -ooLv‘K-an.Hx
: : . . e .y TR e
B . . . 1 [N . e . .. . . .. . b oaiace e e e
N N S [ b e o e PO SN P ‘e .. .. . . P - U SR
5 O N 1 - el S SN S ﬂ MDD SN S IR
MDA e Sttt SRS SIS S Shalabah e s S ST &
...... | . . B . A B
_ C : : B DR HOE It
. ‘010|l|'|&.|v ...... P . ﬁ ......... [ - .Nﬂ.umﬂ
' | \ et

QRN

93




Ll

‘3snayl juBlISuo0) JIOJ¥

I93383S Y3 1M paads ueg pPajydarIxO) U} SUOTIBIIBA

e

*212zzON 1BUTWON

‘gL aandyy

udx ‘paadg ueg pajoaixon

s9a183aq ‘1933839V
.- I L/ Gt a1 g 4 il g-
u , m | |
SRS S
| |
ST
zsnunt 4001
LSAUHL 4SL G i
ISTHHL %69 & - |

TSMEL 4SS O
ISMAL dvy O .

[

-4

o e e e g s Ta”,

94

o il




TS |

[ T TR,

*3a12ZZON 11BWS
‘1snay] 31ueIsSuc) IoJ I1983831g Y1M paads usy Pa3O3II0) U SUOCIIBIIBA ‘22 aIndtyg

soax8aqg ‘aa83e]1gV

oz S o1 a _ o g
H ,
i
(2]
. ” 1
, o
¢ [¢]
“ 5
LSOYHI %001 Q H g
R i o
ISOMHI %L @ - .. - . g
Isnyul %69 O e
=1
LSN¥ML %Ss O “
LSMHL 2% O |

95



*a1zzZoN 23xwu]
38Ny, 3UBISUO0Y I0J JICS8v3S Y3 TA paadg ueyg pPajzdaxro) uj suorl}BlIBA gz dIndyyg

saax8aq ‘xa83e318V

w . 0 9 . oK R S . ..
oA TrTTme ; ; ) N : i UoU7
% ! ! | _ . i - B
“ o e g
; | et
L o a
\ ' Mﬂ.
' ' Q
SR W 2
LSO¥HL %DOTY : _ g
ISOMHL %8L.Q -~ de . 3
LSNYUHL ﬁnoo | 5
ISWHL 2660 ]
ISNEHL %9 O - |
s Tl T T

96




*91ZZON 1BUTWON ‘dep aduewWIOFI3dd ofwsuipoaay ‘6L aandtg

el
Lo
-

[19] o
~ -
¢ DIIvY FHISSNA TVLOL Nvd,

4,

i,

H N
ezl
2t

|
o zi

SRR = T NI IR
[N - .. LU ERU SR D
] T m. m R

97

t-



98

vhoeestiocsboreciasosts ,V....tm.‘..-.« cedrpoeestoodetoonediaceyos 4 ) ++ ‘o veito
pa sqaes [ipfatpliog aseifpadhe Sooos paped pegbe 200t So0 3 jof an OIS S
2 T pogalinapogoace: T pIatE Speing fuyes Seey T * 1
§ —— 4 cdees S e R o . M Y Oad ' R o0e
11 25253 4223300008008 ! toes e 2 H I pooe g T Roe
-4 poerid e o + PO POS S i) g 1
Ty T -z . - .. - T
- . oo = + e SRA0S Do : B e ool y
¥ soast M 1T )on 8
pe 80006 sad . + = + - < PRI e +
e Yeead eeet - e e it
> DORQ puge
P Snede SPas sl + + e t 1 3 + e
P s 1S 2002200000 22022200 — =
b +- - :m:oowa Rl REESE X + + - -

e = — 1 [22 mehte gagel jgaes say + o 3~
Fr1s - E......___ - papoe 8 PSSP iy < -
B T b ey T e e e A Eas: %

pess ps pos pupit, ) o - | S
o 3 jaaes Sod
1
. SO0 54 bt b 3 + e 3
T T T T 1
00 0 1 vud ro o
T et
- —— )y B8
hY T yy T 28 94
" T T v
raess b4 ) 4
+ ;
- * T T
i T . 71 1
+ - ++ 1 T
F== ‘gr pgusn 4 e <
+ + 1
hoane bans 5008
T )89 S00 B ot = o T
T re: y » TTtt \o0e DasES wat 200w o
Juw: 1
- 1 b e
- 4 e b — 2 5 .
—r ) y 4 POEERS S Z ~
e N 8 .-
+ o ———] : :
= TS STETE oYY oy T
T Y ‘
’e s Sxprin vt 7 1
.4 + v
T +
) 8 : 4 14
— . 3
re 1t 1 gl
T s jnsad r
T pt 3 n_ =t
- T
o ﬁﬁ:: T
POV &4 1 L~
: % - : ; : -
+ T
a . aets E50s 505} -
T o T -
. —- +
e b e <+ PaE B
rons T
+ t t s 3T
T T e
— s - IR RS - EREET o i
: asss cvsasases) rusn:
T 1 > 7T T
e - TH+ A0 5 4
T r 4 T
+ T i +
ba T 3 e 3 13T
- iy ¥ I8 B81 4 - .
st v T .00 81 s
% st T > 4 v . 1T .t 1namn
A ¥ —t H ——t - 1T
e t + ’ 4 M » .88 B2 1 T 1
)8 - P 2 b + + T e
-+t ﬁ aaRa FBaTEBUDEs TL's; £O
1 re - 1 3 —— RS E TR
- ) e — A et
i i - ¥. T — i
T T Yo
e - —_— - RS 8
1 + b1 4 2 1 133 1 .
X_L - b b 1 11T 1 + + Tl"
e - + + T +
- X.

- - @ x IR DES B BEDI i Ay

T 3 pe POGS} 183 T T
168 2B oS 0us T 1T e

)s ou: i e
EEEE f : T

T " ey ’ o I T

T 1T p3S ogSas puggues S 2 3
T T . 3
e T ’ o T b u ot
e 3 T I8 Suo o »;
e 3 : : e PO 4 t + ; gons gt
s sadeat '3 aasase: oas: - v S
-t e - b et be 3 -+
+ s T + T
ba Dot —r [S 3pgee ey precs y 31Tt
.o 1T bE S OS85 20090 B4 3l 4 .y T 3= BRRS B DR
: Sy e e
e o9 + gt T+
B88 6900 PO T 5 JDODE SHSSE SRS 94 954 T 1 s
reoe Fua g g PORS1 b PO 568 596! T 1 3
it 13 Bne1 $ bo et ol fases B8t T
- - — A At 1
1 t 1 bt TIT T T
+ T 1+ Ty ++ 1 HHt 1t 1 +
3 Se o1 RURES B
L T T 28 84 puabds e 1 1
: 3 yanai bo e be -
e O - Lo dddd
TR i b ow T "
e B bot b B i
! PR s Be 1. e be bwui TRt
be - o - ———
4 + + < Y 1)
+ e 963 jessasnasessede ki e
T ye T pod ’e W4 + 1
- e ey 1idtaqeets
o es e PEOE TS 4 ¥
1908 o1 joas 08
- — +
1 I
T
T T
e
? e
t +
13
~ll %l b0 &
anngeas
HIt » =uu E..Z}
e sunRgnunw
L us ! HH
on b 3 -
» oy o TIT aae
H ¥t EE»- i HH H a8 8!
Ines ' e SRORS 8¢ T 11 141 W 44444
LALR S TEITIVTT ARt ™ 14 a 1t

Aerodynamic Performance Map, Large Nozzle,

Figure 80,



g

P

(RN

-
: H
t ) ¢
T HH
+H 1
1
1 1
i
Tt
HH
1 ;
}
T
: 1
:
¥
¢
1 H
H
1T .,-
; s
H
¥
saas
1
: 1
- + i
3
H

D
D

*a1zzON TlBug ‘dey aouBWIOFIdd ofweudpoxdy ‘18 aan31g




. Fa

.
"91220N 1BUTWON ‘3Snay], juelsuo) 38 x9838)g °‘SA AOUATOTIFJHA '28 2In3tyg
sasadag ‘as83e3gy
, . 71 I [ | & * Q9 ; * ' b 4 t - . P
81 ot w1 ezt ot [ 4 | 9 A i- .
ARER Y R T S A R : o
i i i
i ~ ]
L . 2 -
- o >‘::‘-s- = T =
=
- - g
i -
- - - - (2]
pde
®
=4
. . o
A «
=3
=}
i
-y

S e R ke s il



101

*21zZON 118W3 ‘3sSnayy juejisuo) e aa33e3g °SpA AOUSIOTIIH °‘€8 2anStg

saaadag ‘aa88e3gy

L Jmorer o 99 9 L a . 2,
o I N 1. -1 " i
m m K _ i : ! ] m ¢ Wy P SR
| I e P el B B e A,
f L. i : !
m\f: ‘ 1 m i A . L. - \
! wu \ N
T
- LR
w‘ .. k\\x\\@ T o
i —= _ NI O
x : N : .
-+ I e
" S : SR S _
~ = . t@@l. w

f.,..xl i!.!)r»i...»‘Yuua{,t?i?g.x\{i ol st il 3

I



NI I A R Ty TR S s IR

t Segen Moy .ﬁ,.q:l Pu'® X T g A7 BT RGeS

R R T N R S G

R s P B R L oLy

————— -

‘a1ZzON 83J1er7 ‘1snay] JuBISUO) 38 I138Jvlg 'SA LOUSIOTIFH ‘P8 ANy
sa9x8aq ‘aal3e3199
. Ty -
i Pt
% - | r—.«f.ﬂ m Iy -
i 1 AR ..
SRpLEE s SRR .
————— t T k2 I3
‘ ifarr :
hench: ,
. | L.ﬂ !
gl RN
LU
, : w H L
- fmr T .
R S tr v 4 b
: b AR e ST A .
: Pl S R W M
t T B T oy -
B IR e R :
U T DA N ASA SRAR B IR B
SuRnk uinud Rk &
T L ! b
F i :
K i pAR RN S ls = 2
e LAY B o
, SRR RS kX i+~ o
. N N G o :
. e 3
- ot I o ’
P _ Ba R w. « -
SRR RER
e E e ]
[ VUMDY I LS M [N B AISNN
= H.M.H.‘ ! 1TE R FE
[RRE ! T JuR KN gl Aaaye 4
B RSN ] ot
b st el e o i~ +1 .
Hml N 1T " ! s -“m
H ]
-—4- i
; f
: i
i , - L] ~+ : °
! s A S ROUINE R B mal I I 1 4 A : T I . .
m “ SRR L T R T R 7 .
! FEBIN I UMDY Bt 1 o y DYDY ENETIOE 1 3 1 BND ENRE RN M IS R ANV QUL SARFRRTR GEPRE TR - ) - 2 ) -
Y
5]
[~] T
4

T e ey g% o R ot

&

R R L AL IR R JULE SN R R k] 2




L B

oy Ly e

VIII. APPENDIX -~ ONE-THIRD OCTAVE BAND DATA

This appendix contains 100-foot (30.48 in) arc scale model 1/3-octave
data corrected to 70% rnlative humidity on a 59° F day and 200-foot (60.96
in.) sideline data scaled to full size. Each table consists of 24 bands of
data at angles from 20 degrees to 150 degrees in 10 degree increments refer-

enced to the inlet centerline.

The data included is for various constant thrust lines with nominal,
small, and large nozzles at delta stagger angles closest to nominal and mini-
mum noise delta stagger. All data presented are with "standard" frame treat-

ment.
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BPF

/

Pr23/Pr2

PNdB
PNL

PNLT

QEP
SLS

| SPL
VPF
w8 /6
ABa*

XI. NOMENCLATURE

Blade Passing Frequency

Decibel

Effective Perceived Noilse Level

Engine Net Corrected Thrust

Hertz (Cycles per Second)

Alrcraft Mach Number

Maximum

Minimum

Far Rotational Speed, Corrected to Standard Day
Outlet Guide Vane

Ratio of Fan Bypass Exit Total Pressure to Fan Inlet
Total Presgsure

Perceived Noise Decibel

Perceived Noise Level; a Calculated Annoyance Weighted
Sound Level

Tone Corrected Perceived Noise Level

Sound Power Level, Re 10-'13 Watts

Quiet Engine Program

Sea Level Static

Sound Pressure Level, Re 0.0002 Dynes/cm2

Variable Pitch Fan

Bypass Airflow, Corrected to Standard Day, lbm/sec (Kg/sec)
Delta Stagger

Efficiency
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